WORLD INTELLECTUAL PROPERTY ORG AN 12 A r.Ct 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C12Q 1/68 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 96/17079 

6 June 1996 (06.06.96) 



(21) International Application Number: PCT/EP95/04694 

(22) Internationa) Filing Date: 28 November 1 995 (28. 1 1 .95) 



(30) Priority Data: 

08/345,505 



28 November 1994 (28. 1 1 .94) US 



(71) Applicant (for all designated States except US): AKZ0 NOBEL 

N.V. [N17NL]; Vclperweg 76, NL-6824 BM Amhem (NL). 

(72) Inventors; and 

(75) inver.ors/AppUcants (for US only): SOOKNANAN, Roy 
[CA/CA]; 256 GLcbcmount Avenue, Toronto, Ontario M4C 
3T6 (CA). MALEK, Lawrence [CA/CAJ; 3 Viewmount 
Crescent, Brampton, Ontario (CA). 

(74) Agent: HERMANS, F„ G., M.; Postbus 20, NL-5340 BHOss 
(NL). 



(81) Designated States: AM, AU, BB f BG, BR, BY, CA, CN, CZ, 
EE, FI, GE, HU, JP, KE, KG. KP, KR, KZ, LK, LR, LT. 
LV, MD, MG, MN, MW, MX, NO, NZ, PL, RO, RU, SD, 
SI, SK, TJ, TT, UA, US, UZ, VN, European patent (AT, 
BE, CH, DE. DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM. GA, GN, 
ML, MR, NE. SN, TD, TG). AR1PO patent (KE, LS, MW, 
SD, SZ, UG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



T7RNA polymerase 



(54) Title: TERMINAL REPEAT AMPLIFICATION METHOD 
(57) Abstract 



This invention relates to a process for 
amplifying a specific nucleic acid sequence 
or its complement at a relatively constant 
temperature and without serial addition of 
reagents. The process provides in a single 
reaoionjnedium an RNA pol ymcraseTBNA" 
polymerase, a ribonuc lease that hydrolyses 
RN A"of~ an RNSSNA hybrid without hy- 
drolysing single or double-stranded RNA or 
DNA, and ribonucleoside and deoxyribonu- 
cleoside triphosphates. Hie process men pro- 
vides an RNA first template in the reaction 
medium. The RNA first template comprises 
a sequence complementary to a specific nu- 
cleic acid sequence; minus-sense sequences 
for a promoter and initiation site that are rec- 
ognized by the RNA polymerase, and a 5'- 
terminal sequence that is complementary to 
at least the minus-sense sequence of the ini- 
tiation site. Thus, the RNA first template has 
an inverted repeat sequence which could fold 
into a 5'-tenninal stem-loop stricture. The 
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DNA polymerase uses the RNA first template to synthesize a DNA second template that together comprise an RNA-DNA hybrid. The 
DNA second template has plus-sense sequences of the promoter and the initiation site, and a B'-terrninal priming sequence that is com- 
plementary to the plus-sense sequence of the initiation site. The ribonuclease then hydrolyses an RNA which comprises the RNA-DNA 
hybrid, allowing the 3'-teiminal priming sequence to hybridize to the plus-sense sequence of the initiation site in the DNA second template. 
The I>NA polymerase then uses the DNA second template to synthesize the promoter by extending the 3'-xrminal priming sequence of 
the DNA second template. The resulting partially double-stranded DNA has a promoter oriented toward the apex of a stem-loop structure. 
The RNA polymerase then recognizes the promoter and transcribes the DNA second template, thereby providing copies of the RNA first 
template. Hie process thereafter maintains the reaction conditions for a time sufficient to achieve a desired amplification of the specific 
nucleic acid sequence or its complement. TTiis invention includes a kit containing the reagents of this invention. 
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TERMINAL REPEAT AMPLIFICATION METHOD 
FIELD OF THE INVENTION 

This invention relates to a process for amplifying the number of copies of a specific 
nucleic acid sequence or its complement by using a template having a terminal sequence 
complementary to another sequence within the template. 

BACKGROUND OF THE INVENTION 



The presence of nucleic acids in a sample may indicate that a source from which the 
sample is taken has a disease, disorder or abnormal physical state. Certain diagnostics 
determine whether nucleic acids are present in a sample. These diagnostics invariably require 
amplification of nucleic acids because of the copy number problem. In a virus or cell, for 
15 example, there is usually a single copy of a particular gene. Without amplification of specific 
nucleic acids of the gene, it is often difficult to detect the presence of the nucleic acids. 

One approach is to increase the copy number of the specific sequence, in preference 
to other sequences present in the sample, using an in vitro amplification method. The 
"polymerase chain reaction" (PCR) is one such technique (Mullis, K. et al.. Cold Spring 
Harbor Symp. Quant. Biol. 52: 263-273 (1986), Mullis, K., etal.. United States Patent No. 
4,683,202) to selectively increase the copy number of a DNA segment having a particular 
sequence. In general, PCR involves treating the sample suspected of containing a target DNA 
sequence with oligonucleotide primers such that a primer extension product is synthesized by 
a DNA-dependent DNA polymerase. The primer extension product DNA strand is separated 
from the template strand in the preferred embodiment using heat denaturation. Both the 
original template and the primer extension product then serve as templates in the next and 
subsequent cycles of extension, resulting approximately in the doubling of the number of 
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target DNA sequences in the sample at the end of each cycle. Consequently, multiple cycles 
result in the quasi-exponential amplification of the target nucleic acid sequence. Optimal 
practice of the PCR requires the use of a thermocycler capable of rapid changes of 
temperature and of a DNA polymerase, such as Taq polymerase (Saiki et aU Science 239: 
5 487-491 (1988) and Saiki, R. et al., United States Patent No. 4,683,195) that resists the 
denaturation caused by repeated exposure to temperatures above 90°C required to separate the 
DNA strands. 

Another in vitro amplification method referred to as the T7RT method (Burg et al., 
10 United States Serial No. 080,479) uses an RNA polymerase in addition to a DNA polymerase 
(a reverse transcriptase) to increase the yield of products per cycle of amplification. The 
method involves the use of two primers, one of which contains a promoter for the synthesis 
of a double-strand DNA intermediate from an RNA product by a series of primer 
hybridization, primer extension and product denaturation steps. The double-stranded DNA 
15 intermediate contains a promoter derived from one of the primers which directs the synthesis 
of multiple copies of RNA which can be used for the synthesis of additional copies of the 
double-stranded DNA intermediate. Multiple cycles result in an exponential amplification. 
The yield of products per amplification cycle exceeds that of PCR by at least an order of 
magnitude, thus requiring fewer cycles to obtain the same overall level of amplification. The 
20 major drawback to the T7RT method is the inherent heat denaturation step which is necessary 
to separate the cDNA intermediate from the RNA product but inactivates both of the 
thermolabile enzymes used in the process. Consequently, fresh enzymes must be added to the 
reaction mixture at each cycle following the heat denaturation step. 

25 United States Serial No. 07/211,384 of Cangene Corporation describes another 

amplification process known as NASBA™, which involves the use of two primers, one of 
which has a promoter, and four enzyme activities; an RNA polymerase, a DNA- and an 
RNA dependent DNA polymerase (a reverse transcriptase) and a an enzyme having 
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ribonuclease activity (for example RNase H or the intrinsic RNase H activity of reverse 
transcriptase) that specifically degrades the RNA strand of an RNA-DNA hybrid. The cyclic 
process takes place at a relatively constant temperature throughout and without serial addition 
of reagents, wherein the first primer hybridizes to the RNA product, reverse transcriptase 
uses the RNA product as template to synthesize a DNA product by extension of the first 
primer. RNase H degrades the RNA of the resulting RNA-DNA hybrid, the second primer 
with the promoter hybridizes to the DNA product, reverse transcriptase uses the second 
primer as template to synthesize a double-stranded promoter by extension of the DNA 
product, an RNA polymerase uses the promoter and DNA product to transcribe multiple 
copies of the same RNA product. 

United States Patent No. 5,130,238 of Cangene Corporation describes an enhanced 
nucleic acid amplification process known as enhanced NASBA™. The process is similar to 
lhat described in United States Serial No. 07/211,384 and is enhanced by addition to the 
reaction mixture of an alkylated sulfoxide (for example, dimethyl sulfoxide) and BSA. 

United States Serial No. 08/275,250 of Cangene Corporation describes a further 
improvement of NASBA™. To overcome thermal denaturation during entry into the 
amplification cycle from DNA, this process of amplification uses RNA polymerase, 
specifically, E.coli RNA polymerase to eliminate the heating steps involved in entering the 
amplification cycle. 

Notwithstanding these amplification processes, a need exists for improvements to the 
amplification process. It would be preferable if the amplification process required fewer steps 
and fewer manipulations by a user. 

One step which would be helpful to eliminate is the addition of a promoter sequence 
to derived DNA to allow subsequent transcription. For example, it is known that DNA 
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synthesis from a DNA or an RNA temfite requires a DNA or an RNA primer with a 3'-OH 
group. It is also known that normal sycfesis of an RNA using T7 RNA polymerase requires 
a double-stranded DNA promoter immfiately upstream of a template from which the RNA 
is transcribed. Such transcribed RNA wid not contain a promoter sequence; thus one would 
5 need to add such promoter sequence tsderived DNA to allow subsequent transcription. In 
NASBA™ and enhanced NASBA™ arqBfication reactions, these basic requirements are met 
by providing two primers, a first primeswhich hybridizes to the RNA product, and a second 
primer which has a plus-sense sequee of a T7 promoter and hybridizes to the DNA 
product. The first primer is extended wig the RNA product as template to form the DNA 
10 product which serves as the templatefcr transcription of the RNA product. The DNA 
product is extended using the second piier as template to form a double-stranded promoter 
for the transcription of the RNA produ& 

This invention improves uponNASBA™ and enhanced NASBA™ amplification 
15 reactions by reducing the number of piners required in the amplification cycle through the 
use of an RNA with an inverted repn sequence at its 5'-end adjacent to a minus-sense 
sequence of the promoter recognized byn RNA polymerase. A cDNA copy of this RNA has 
an inverted repeat sequence at its 3'-ed adjacent to a plus-sense sequence of a promoter. 
Upon removal of an RNA strand, thesDNA is capable of self-priming to form a partially 
20 double-stranded DNA stem-loop struare containing a double-stranded promoter oriented 
toward the apex of the stem-loop. Tramription of this DNA results in multiple copies of the 
same RNA with an inverted repeat seqpnce at its 5'-end adjacent to a minus-sense sequence 
of the promoter. Thus, the RNA prods of the transcription encodes the minus-sense of the 
promoter sequence recognized by an HA polymerase, and consequently the DNA copy of 
25 this RNA is fully functional as a temple for transcription without the need for the addition 
of a promoter-bearing primer. 
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Other researchers have describd the use of primers with inverted repeats or 
"hairpins" capable of transcription r nucleic acid amplification processes, namely, 
Daoagupta, N., EP 0 427 073 A2, andEP 0 427 074 A2. both published 15 May, 1991. 
However, these hairpin primers encoders-sense promoters that direct transcription of the 
target sequence without incorporating tbsequence of the promoter itself into the product. 
Thus the processes described in theseptsnts merely mimic the transcription phase of 
NASBA™ and enhanced NASBA™. fethermore, these processes do not provide for 
cycling, that is, the generation of temptes from products, except in ways which require 
participation by a user or mechanical indention, and therefore the extent of amplification is 
limited. 



Essentially the same process is dcribed in Berninger, M., et al., WO 91/18155, 
published 28 November 1991 except tlutle use of ribonuclease H is incorporated to enable 
cycling to occur. But, because the transition products generated in this scheme do not 
carry promoter sequences, cycling stillwpiires the presence of two primers, with the 
disadvantage that the first primer must erode both plus-sense and minus-sense strands of the 
promoter. In contrast, the first primer inlASBA™ and enhanced NASBA™ simply encode 
the plus-sense strand: the NASBA™ proc* provides for DNA synthesis to supply the minus 
strand. 

Thus, a need exists for an amplifiaibn process which (1) eliminates the addition of a 
promoter sequence to derived DNA to all* subsequent transcription, (2) reduces the number 
of steps involved in the process, and <3).Icreases the participation and manipulations by a 
user. 
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SUMMARY OF THE INVENTION 

This invention is a method for amplifying a specific nucleic acid sequence, at a 
5 relatively constant temperature and without serial addition of reagents. This process 
comprises steps (A) through (C), which steps make the amplification more expedient, 
requiring less participation and manipulations by a user. 

In step (A) one provides a single reaction medium containing reagents comprising an 
10 RNA polymerase, a DNA polymerase, ribonuclease that hydrolyses RNA of an RNA-DNA 
hybrid without hydrolysing single- or double-stranded RNA or DNA, and ribonucleoside and 
deoxyribonucleoside triphosphates. Some of the enzymes that can be used in the method 
according to the invention may have two or more enzyme-activities. For example, the 
enzyme reverse transcriptase has a DNA-dependent DNA polymerase activity as well as a 
15 RNA-dependent DNA polymerase activity. As a ribonucleoase, for example, RJNaseH may 
be used, but the intrinsic ribonuclease activity of reverse transcriptase may be used instead. It 
should therefore be noted that ,for example, whenever a DNA polymerase and a ribonuclease 
are mentioned (as if it were two different enzymes) the use of only one enzyme having both 
activities is also included. 

20 

In step (B), one provides an RNA first template in the reaction medium. The RNA 
first template comprises a sequence complementary to a specific nucleic acid sequence, 
minus-sense sequences for a promoter and an initiation site that are recognized by the RNA 
polymerase, and a 5'-terminal sequence that is complementary to the minus-sense sequence of 
25 the initiation site. An RNA first template is used to synthesize a DNA second template which 
comprises plus-sense sequences of the promoter and the initiation site, and a 3'-terminal 
priming sequence that is complementary to the plus-sense sequence of the initiation site. 
Thus, the DNA second template has an inverted repeat sequence which could fold into a 
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3'-terminal stem-loop structure for self-priming. The DNA second template is converted to a 
form containing a double-stranded promoter that is oriented toward the apex of the stem-loop 
structure. The form of DNA second template containing a double-stranded promoter is used 
to synthesize copies of the original RNA first template. 

Thereafter, a cycle ensues where the DNA polymerase uses the RNA first template to 
synthesize a DNA second template, the ribonuclease hydrolyses RNA of the RNA-DNA 
hybrid, the 3'-terminal priming sequence hybridizes to said plus-sense sequence of said 
initiation site, DNA polymerase uses the DNA second template to synthesize the 
double-stranded promoter, the RNA polymerase recognizes the promoter and transcribes the 
DNA second template, thereby providing copies of the RNA first template. 

In step (C), one maintains the conditions for the reaction for a time sufficient to 
achieve desired amplification of the specific nucleic acid sequence. 

In one embodiment of this invention, the reaction medium and cycle further comprise 
a first oligonucleotide primer that hybridizes to the RNA first template and is extended using 
the DNA polymerase to synthesize a DNA second template (Figure 1A). In one aspect of this 
embodiment, the first oligonucleotide primer further comprises a 5'-self-complementary 
sequence such that the RNA polymerase uses the 5'-seIf-complementary sequence of the first 
oligonucleotide primer as template to transcribe an RNA first template with a 3'-self- 
complementary sequence (Figure IB). 

The cycle is shown in Figure IA and Figure IB. The steps leading up to the cycle of 
Figure IA (Figure 2, Figure 3, Figure 4), could also be used to lead up to the cycle of Figure 
IB, except that the first primer would have a stem loop on its 5'-end. 
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There are a number of ways to provide the RNA first template of step (B). In one 
embodiment (Figure 2), one provides in the reaction medium a single-stranded RNA 
comprising the specific nucleic acid sequence, and adds to the reaction medium a DNA 
ligase, a first oligonucleotide primer and a second oligonucleotide primer further comprising 
a 5'-terminal phosphate, such that; the second oligonucleotide primer hybridizes to the 
single-stranded RNA; the DNA polymerase uses the single-stranded RNA as a template to 
synthesize a complementary DNA by extending the second oligonucleotide primer and 
thereby forms an RN A-DNA hybrid; the ribonuclease hydrolyses the RNA which is part of 
the RNA-DNA hybrid; the first oligonucleotide primer hybridizes to the complementary 
DNA; the DNA polymerase uses the complementary DNA as template to synthesize a DNA 
segment which terminates at the second oligonucleotide primer by extending the first 
oligonucleotide primer; the DNA ligase joins the DNA segment to the second oligonucleotide 
primer and thereby forms a DNA second template, and the RNA polymerase recognizes the 
promoter and transcribes the DNA second template, thereby providing copies of the RNA 
first template. In one aspect of this embodiment, one adds the single-stranded RNA to the 

reaction medium. In another aspect of this embodiment, one adds to the reaction medium a 

•f 

DNA comprising a promoter and a complementary DNA template, such that the RNA 
polymerase transcribes the complementary DNA thereby providing copies of the 
single-stranded RNA. 

In another embodiment, one also provides a stem loop on the 5'-end of the first 

primer. 

In another embodiment, one provides the RNA first template of step (B) by adding to 
the reaction medium a DNA ligase, a first oligonucleotide primer and a single-stranded DNA 
which comprises a sequence complementary to the specific nucleic acid sequence and a 
5'-temiinal second oligonucleotide primer sequence further comprising a 5'-terminaI 
phosphate, such that; the first oligonucleotide primer hybridizes to the single-stranded DNA; 



SUBSTITUTE SHEET (RULE 26) 



W ° 96/17079 PCT/EP95/04694 



10 



15 



20 



25 



3 

the DNA polymerase uses the single-stranded DNA as template to synthesize a DNA segment 
which terminates at the 5'-tenninal sequence of the stem-loop structure of the single-stranded 
DNA by extending the first primer; the DNA ligase joins the DNA segment to the 5'-terminal 
sequence of the single-stranded DNA and thereby forms a DNA second template; and the 
RNA polymerase recognizes the promoter and transcribes the DNA second template thereby 
providing copies of the RNA first template. In one aspect of this embodiment, one adds an 
RNA-DNA hybrid comprising the single-stranded DNA such that the ribonuclease hydrolyzes 
RNA which is pan of the RNA-DNA hybrid. 

In another embodiment, one provides the RNA first template of step (B) by providing 
in the reaction medium a single-stranded RNA comprising the specific nucleic acid sequence, 
a first oligonucleotide primer and a second oligonucleotide primer further comprising a 
5'-terminal oligoribonucleotide segment, such that; the second oligonucleotide primer 
hybridizes to the single-stranded RNA; the DNA polymerase uses the single-stranded RNA as 
a template to synthesize a complementary DNA by extending the second oligonucleotide 
primer and thereby forms an RNA-DNA hybrid; the ribonuclease hydrolyzes RNA which is 
part of the RNA-DNA hybrid; the first oligonucleotide primer hybridizes to the 
complementary DNA, the DNA polymerase uses the complementary DNA and second 
primer as template to synthesize a DNA second template by extension of the first 
oligonucleotide primer and thereby forms an RNA-DNA hybrid in the oligoribonucleotide 
segment of the second primer; the ribonuclease hydrolyzes the oligoribonucleotide segment of 
the second primer, allowing the 3'-terminal priming sequence to hybridize to the plus-sense 
sequence of the initiation site in the DNA second template; the DNA polymerase uses the 
DNA second template to synthesize the promoter by extending the DNA second template; 
and the RNA polymerase recognizes the promoter and transcribes the DNA second template, 
thereby providing copies of the RNA first template. In one aspect of this embodiment, one 
adds the single-stranded RNA to the reaction medium. In another aspect of this embodiment, 
one adds to the reaction medium a DNA comprising a promoter and a complementary DNA 



SUBSTITUTE SHEET (RULE 26) 



WO 96/17079 



PCT/EP95/04694 



AO 

template, such that the RNi polymerase transcribes the complementary DNA thereby 
providing copies of the single«anded RNA. 

In another embodimeaone provides the RNA first template of step (B) by adding to 
5 the reaction medium a first&ligonucleotide primer and a single-stranded DNA which 
comprises a sequence compleEntary to the specific nucleic acid sequence and a 5'-tenninal 
second oligonucleotide primenequence further comprising a S'-terminal oligoribonucleotide 
segment, such that; the first ribonucleotide primer hybridizes to the single-stranded DNA; 
the DNA polymerase uses th single-stranded DNA and second oligonucleotide primer as 

10 template to synthesize a DNAaccond template by extension of the first oligonucleotide primer 
and thereby forms an RNA-Dft hybrid in the 5'-terminal oligoribonucleotide segment of the 
second primer; the ribonuclerc hydrolyzes the oligoribonucleotide segment of the second 
primer, allowing the 3'-termiskpriming sequence to hybridize to the plus-sense sequence of 
the initiation site in the DNAacond template; the DNA polymerase uses the DNA second 

15 template to synthesize the prooter by extending the DNA second template; and the RNA 
polymerase recognizes the pmoter and transcribes the DNA second template thereby 
providing copies of the RNAirst template. In one aspect of this embodiment, one adds an 
RNA-DNA hybrid comprising single-stranded DNA such that the ribonuclease hydrolyses 
the RNA which is part of the JNA-DNA hybrid. 

20 

In another embodimemone provides the RNA first template of step (B) by adding to 
the reaction medium a first olj$mucleotide primer, and by providing in the reaction medium 
a single-stranded RNA wh* comprises the RNA first template such that; the first 
oligonucleotide primer hybrkfes to the single-stranded RNA; the DNA polymerase uses the 
25 single-stranded RNA template© synthesize a DNA second template by extension of the first 
oligonucleotide primer and thcby forms an RNA-DNA hybrid; the ribonuclease hydrolyzes 
RNA which comprises the RBB-DNA hybrid, allowing the 3'~terminal priming sequence to 
hybridize to the plus-sense science 0 f the initiation site in the DNA second template; the 
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DNA polymerase uses the DNA second template to synthesize the promoter by extending the 
DNA second template: and the RNA polymerase recognizes the promoter and transcribes the 
DNA second template thereby providing copies of the RNA first template, in one aspect of 
this embodiment, one adds the single-stranded RNA to the reaction medium. In another 
aspect of this embodiment, one adds to the reaction medium a DNA comprising a promoter 
and a DNA second template, such that the RNA polymerase transcribes DNA second 
template thereby providing copies of the single-stranded RNA. 

In another embodiment, one provides the RNA first template of step (B) by adding to 
the reaction medium a single-stranded DNA which comprises a sequence of the specific 
nucleic acid comprising a DNA second template; such that the 3'-terminal priming sequence 
hybridizes to the plus-sense sequence of the initiation site of the single-stranded DNA; the 
DNA polymerase uses the single-stranded DNA as template to synthesize a promoter by 
extension from its 3' terminus; and the RNA polymerase recognizes the promoter and 
transcribes the single-stranded DNA thereby providing copies of the RNA first template. 

In another embodiment, the process comprises a step (D) of monitoring the reaction 
medium for consumption of any of the reagents used in the reaction or for the accumulation 
of any product of the amplification cycle. 

In another embodiment, step (D) includes comparing the consumption of a reagent or 
accumulation of the product of the cycle with a control cycle in which the specific nucleic 
acid sequence or its complement is absent. 

DEFINITIONS 

In this application, unless the context requires otherwise: 
"AMV" means avian myeloblastosis virus. 
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"ATP" 
"CTP" 

"complementary' 



M 

means adenosine triphosphate, 
means cytosine triphosphate. 

means that two nucleic acids are capable of hybridization, under given 
conditions of ionic strength and temperature. 



"self 

complementary" 



means complementary within a single sequence. 



10 



15 



"dATP" 

"dCTP" 

"dGTP" 

"dTTP" 

"GTP" 

"ITP" 

"Kcr 



means deoxyadenosine triphosphate, 
means deoxycytosine triphosphate, 
means deoxyguanosine triphosphate, 
means deoxythymine triphosphate, 
means guanosirie triphosphate, 
means inosine triphosphate, 
means potassium chloride. 
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means magnesium chloaJe. 

means nucleic acid hasdamplification as described in United Stales 
Serial No. 07/2 11, 384 id corresponding patents and applications. 

means enhanced nuclei acid amplification as dsecribed in United 
States Patent No. 330,238 and corresponding patents and 
applications. 



means a sequence of sage-stranded or double-stranded nucleic acids 
or a sequence complermtary to such sequence which one wishes to 
amplify. 

means terminal repeatamplification method, the method of this 
invention. 

means Tris hydrochloric! 
means uridine triphosphE. 

means a terminal sequent that is self-complementary. 



BRIEF DESCRIPTION OF DRAWINGS AB> FIGURES 

In drawings and figures which illustrateambodiments of the invention, 

Figure IA is a general illustration ofie cyclic amplification process for TRAM 
starting from an RNA first template anctefirst primer. 

Figure IB is a general illustration of ife cyclic amplification process for TRAM 
starting from an RNA first template andadependent of primers. 
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Figure 2 is a general illustration of the steps required to generate an RNA first 
template starting from a specific RNA sequence using first and second primers 
comprising only deoxyribonucleosides. 

Figure 3 is a general illustration of the steps required to generate an RNA specific 
first template starting from a double-stranded DNA sequence using first and second 
primers comprising only deoxyribonucleosides. 

Figure 4 is a general illustration of the step required to generate an RNA first 
template starting from a specific RNA sequence using a first primer comprising 
deoxyribonucleosides and a second primer comprising a mixture of 
deoxyribonucleosides and ribonucleosides. 

Figure 5 shows the specific nucleic acid sequence [RNA (SEQ ID NO:2) and 
cDNA(SEQ ID NO:3)] that was amplified. 

Figure 6 shows the nucleic acid sequences of the TRAM second primer (SEQ ID 
NO:4), the NASBA™ second primer (SEQ ID NO:5) and the first primer for both 
NASBA™ and TRAM (SEQ ID NO:6). 

Figure 7 shows, the effect of 5'-phosphorylated second primer and DNA ligase on the 
efficiency of specific amplification in TRAM. 

Figure 8 shows the effect of 5'-phosphorylated second primer and DNA ligase on th e 
structures of amplified RNAs as determined by nucleotide sequence analysis. 

Figures 9 and 10 show the effect of first primer concentration in TRAM. 
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Figures 1 1 and 12 show the effect of second primer concentration in TRAM. 

Figures 13 and 14 show the effect of first comparison of TRAM with NASBA™ 
using the primer concentrations optimized for TRAM also for NASBA™. 

Figures 15 and 16 show second primer independence for re-amplification of TRAM 
reaction products. 

Figures 17 and 18 show first primer dependence for re-amplification of TRAM 

reaction products. 

Figure 19 shows the effect of „ RNA-DNA composite second primer on the 
structures of amplified RNA products as determined by nucleotide sequence analysis. 

Figure 20 shows the nucleotide sequences of the first primer [P2 (SEQ ID NO:8)] and 
two alternative first primers fP2.1 (SEQ ID NO:9) and P2.2 (SEQ ID NO: 10)] 
containing 5'-terminal stem-loop structures. 

Figures 21 and 22 show the use of first primers with 5'-terminaJ stem-loop structures 
for cyclic amplification in TRAM in the absence of primers. 

DETAILED DESCRIPTTnv OF preferred EMBODIMENT 

25 In this invention, an RNA first template and DNA second template are alternately 

used for the synthesis of one from the other in the cyclic processes illustrated in Figure 1A 
and Figure IB. 
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This invention is a method for amplifying a specific nucleic acid sequence, at a 
relatively constant temperature and without serial addition of reagents. This process 
comprises steps (A) through (C), which steps make the amplification more expedient, 
requiring less participation and manipulations by a user. 

5 

In step (A) one provides a single reaction medium containing reagents comprising an 
RNA polymerase, a DNA polymerase, ribonuclease that hydrolyses RNA of an RNA-DNA 
hybrid without hydrolysing single- or double-stranded RNA or DNA, and ribonucleoside and 
deoxyribonucleoside triphosphates. 

10 

In the preferred embodiment of the cyclic amplification process, the reaction medium 
further comprises a single primer (the first oligonucleotide primer), which contains a 
sequence that hybridizes to the first RNA template and is used in the cyclic amplification 
process, as shown in Figure IA. The RNA first template is used to synthesize the DNA 
15 second template by hybridizing the first oligonucleotide primer to the RNA first template, and 
by synthesizing a complementary DNA second template by extension of the first 
oligonucleotide primer using the DNA polymerase. 

In another embodiment of the cyclic amplification process, the RNA first template 
20 further comprises a 3'-terminal priming sequence that can be extended by using the DNA 
polymerase to synthesize a DNA second template, as shown in Figure IB. 

In either process, the DNA second template is separated from the RNA first template 
of the resulting RNA-DNA hybrid by, for example, hydrolysis of the RNA by using a 
25 ribonuclease which is specific for RNA-DNA hybrids (for example, ribonuclease H). The 
DNA second template is converted to a form containing a double-stranded promoter by 
hybridizing its 3'-terminal priming sequence to the plus-sense sequence of the initiation site of 
the DNA second template and by synthesizing the minus-sense sequence of the promoter by 
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extension of the 3'-terminal priming seqaice using the DNA polymerase. The form of DNA 
second template containing the doubleaand promoter is used to synthesize copies of the 
RNA first template by using the RM polymerase which recognizes the promoter and 
transcription initiation site defined inie RNA first template and in the DNA second 
template. Each newly synthesized RNJfirst template can be used to synthesize a DNA 
second template, which can be used to sahesize further copies of the RNA first template by 
repeating the cycle. In addition, repetan of the cycle does nor require participation or 
manipulation by the user. 

The amplification process mates the consumption of precursors (primers, 
ribonucleoside triphosphates and deoxyrinucleotide triphosphates) and the net accumulation 
of products (RNA and DNA). The presses of RNA and DNA synthesis will proceed 
non-synchronously until sufficient levetof nucleic acids have been synthesized to allow 
detection. The amplification process ma** monitored by, for example, the synthesis of a 
labelled product from a labelled precuar. The possible detection schemes useful to the 
application of the amplification process m set out in United States Patent No. 5, 130,238 of 
Cangene Corporation. 

The amplification process commees with the addition of a suitable template nucleic 
acid to the appropriate enzymes, prima, and co-factors under the appropriate reaction 
conditions. This template nucleic acid i* a form which is capable of homogenous and 
continuous amplification and can functions an intermediate in the cycle set forth in Figure 
IA and Figure IB. The template nucleic adfcould be a single-stranded RNA which comprises 
an RNA first template at its 5' terminus ca single-stranded DNA which comprises a DNA 
25 second template at its 3' terminus. Thtadded template nucleic acid could also be an 
antecedent to the single-stranded RNA orKA templates. For example, one could add to the 
reaction medium DNA comprising a pronter and a DNA second template, such that the 
RNA polymerase transcribes the DNA *ond template, thereby providing copies of the 
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single-stranded RNA, which comprise an RNA first template at its 5' terminus. Alternatively, 
one could add an RNA-DNA hybrid comprising the single-stranded DNA such that the 
ribonuclease hydrolyzes RNA, thereby providing a copy of the single-stranded DNA which 
comprises a DNA second template at its 3' terminus. 

5 

The DNA second template which may be added to the reaction medium typically 
comprises plus-sense sequences of a promoter and an initiation site, and a 3'-terminal priming 
sequence that hybridizes to the initiation site. For certain applications, the DNA which is 
added to the reaction medium may comprise a mixture of synthetic oligonucleotides, in which 

10 the plus-sense sequences of the promoter may be partially or completely replaced with a 
partially or completely degenerate sequence. For example, the 17-base sequence preceding 
the transcription initiation site may be synthesized using an equimolar mixture of each of the 
four blocked deoxynucleoside phosphoramidites. From the mixture of added DNA template, 
only those comprising a functional promoter may be transcribed into an RNA product 

15 comprising the minus-sense sequence of the functional promoter. The RNA product can be 
amplified, by successive reverse transcription into the DNA product, followed by 
transcription of the DNA into die RNA product, until sufficient RNA and DNA products are 
synthesized to enable sequence determination. This application of the invention could be used 
to find the optimum promoter for a given RNA polymerase. The promoter sequence which is 

20 selected depends on the particular RNA polymerase which is used in the amplification 
reaction. The RNA polymerase may be natural, eg. one encoded by bacteriophages T7, T3, 
sp6, KI 1 and BAM, or altered by chemical or genetic methods. This application of the 
invention should enable the determination of the promoter sequence for an RNA polymerase 
whose recognition sequence is unknown, or an RNA polymerase which has been altered at its 

25 natural promoter recognition site. This application of the invention could also be used to 
optimize the TRAM process by positioning the degenerate sequences at potentially important 
sites in the DNA template. Exhaustive amplification should result in the most effectively 
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amplified sequence as the dominant product. Potentially important sites would include the 
sequence upstream of the promoter, the promoter, the initiation site, and the stem and loop. 

In the primer-dependent amplification process, as shown in Figure IA, the RNA first 
template comprises the sequence information sufficient for its own transcription. In the 
primer-independent process, as shown in Figure IB, the RNA first template further comprises 
the sequence information sufficient for its own replication. This specialized sequence 
information is generally not initially present on a specific nucleic acid sequence that one 
wishes to amplify, and must be added to the RNA first template prior to the cyclic 
amplification process. An RNA first template could be transcribed from a DNA comprising a 
DNA second template which could be synthesized from the specific nucleic acid sequence 
using for example, oligonucleotide primers comprising the sequences required for 
transcription and replication of the RNA first template. 



The first oligonucleotide primer, used in the preferred embodiment of the process as 
shown in Figure IA, comprises a 3'-terminal priming sequence which has a particular length 
and base composition to allow specific and efficient hybridization to the RNA first template 
and synthesis of the DNA second template, under the given conditions of ionic strength and 
temperature. In addition, the same first oligonucleotide primer is used in the preferred mode 
20 of providing an RNA first template in the reaction medium, wherein the first oligonucleotide 
primer hybridizes to DNA complementary to the specific nucleic acid sequence and is 
extended to synthesize the DNA second template, under the same conditions of ionic strength 
and temperature. It is contemplated that the first oligonucleotide primer may be composed 
partially or completely of nucleotides or nucleotide analogs other than the natural nucleotides. 
25 The first oligonucleotide primer may contain a 5'-terminal sequence which is unrelated to 
either the specific nucleic acid sequence or its complement. In one embodiment, the 
5'-terminal unrelated sequence provides a template for the transcription of an RNA first 
template further comprising a 3'-terminal self-complementary sequence, as shown in Figure 
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IB. For this example, the 5'-terminal sequence may be complementary to another sequence of 
the same first oligonucleotide primer such that a 5'-terminal stem-loop structure could be 
formed. 

Alternatively, the 5'-terminaI unrelated sequence or its transcribed RNA complement may 
hybridize to a nucleic acid which can be immobilized, or to which can be bound a useful 
non-nucleic acid component, such as a reporter to facilitate detection. 

Although the preparation of a template nucleic acid is not part of the amplification 
process, the description of possible schemes for generating template nucleic acids may be 
useful to the application of the amplification process. It should be understood that the schemes 
which may be used for obtaining the template nucleic acid are not limited to the alternatives 
which are described herein, and it is contemplated that other methods may be used. 

The preferred mode of providing an RNA first template in the reaction medium 
further utilizes a second oligonucleotide primer comprising a 3'-terminal priming sequence 
that is complementary to the specific nucleic acid sequence, a minus-sense sequence of a 
promoter, a minus-sense sequence of an initiation site and a 5'-terminal sequence that is 
complementary to the minus-sense sequence of the initiation site. The 3'-terminaI priming 
sequence of the second oligonucleotide primer has a particular length and base composition to 
allow specific and efficient hybridization to the specific nucleic acid sequence and synthesis of 
a complementary DNA, under the given conditions of ionic strength and temperature. The 
minus-sense sequences of the promoter and initiation site when used as a template for 
synthesis of the plus-sense sequence of the promoter contain sufficient information to allow 
specific and efficient binding of an RNA polymerase and initiation of transcription at the 
desired site. The promoter sequence may be derived from the minus-sense strand of a natural 
promoter and initiation site. In a preferred embodiment, the sec .id oligonucleotide primer 
comprises the sequence 5'-TCTCCCTATAGTGAGTCGTATTA-3\ (SEQ.lD.NO.l), which 
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contains the minus-sense sequences of the initiation site and promoter for T7 RNA 

polymerase. 

Alternatively, the initiation site and promoter for another phage RNA polymerase 
may be used. The 5'-terminal sequence of the second oligonucleotide primer has a particular 
length and base composition such that, the 3'-terminaJ priming sequence of the derived DNA 
second template can hybridize to the plus-sense sequence of the transcriptional initiation site 
and'be extended to append a minus-sense sequence of a transcriptional promoter. The 
' *quence between the 5<-terminal sequence and the minus-sense sequence of the initiation site 
on the second oligonucleotide primer has a particular length and composition, to allow 
transcription from the derived DNA comprising a DNA second template, under the given 
conditions of ionic strength and temperature. In addition, sequences which are unrelated to 
the promoter function may be included in the second oligonucleotide primer between the 
minus-sense sequence of the promoter and the 3'-terrninal priming sequence which hybridizes 
to the specific nucleic acid sequence. It is contemplated that the second primer may be 
composed partially or completely of nucleotides or nucleotide analogs other than the natural 
oligonucleotides. 

The preferred mode of providing an RNA first template involves adding to the 
reaction medium a DNA ligase and a second oligonucleotide primer that further comprises a 
5'-terminal phosphate. It is contemplated that the S'-terminal phosphate of the second 
oligonucleotide primer could be provided in the reaction medium by the addition to the 
reaction medium of an enzyme, such as polynucleotide kinase, that utilizes ATP from the 
reaction medium to phosphorylate the 5' terminus of the second oligonucleotide primer. It is 
also contemplated that other groups, for example, adenosines-diphosphate may replace the 
phosphate at the 5' terminus of the second oligonucleotide primer. Indeed an oligonucleotide 
of the formula, A(5>p(5')rsecond oligonucleotide primer], is the expected intermediate that 
is provided in the reaction medium by DNA ligase when acting upon its substrates ATP (or 
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NAD) and the 5' phcghorylated second oligonucleotide primer. It is further contemplated 
that A(5')pp(5')[seconioligonucleotide primer] may be added to the reaction medium in 
preference to the S'-ptephorylated second oligonucleotide primer. The DNA ligase may be 
any enzyme capable Groining the 3' terminus of a DNA segment to the 5' terminus of the 
second oligonucleotideprimer. In the preferred mode, the T4 DNA ligase is used. In 
addition, other DNA Ipses selected from prokaryotic or eukaryotic cells may be used. It is 
recognized that the userf some of these DNA ligases, for example those from Escherischia 
coli or Thermus aquatos, would require the addition of NAD to the reaction medium, as a 
substrate for the DNA^ase. 

Starting from HA, the preferred mode of providing an RNA first template involves 
adding to the reactionBedium a single-stranded RNA comprising the specific nucleic acid 
sequence, a DNA liga&and a second oligonucleotide primer with a 5'-terminal phosphate. 
(Figure 2). The secondiriigonucleotide primer hybridizes to the single-strand RNA, and the 
DNA polymerase usesie single-stranded RNA as a template to synthesize a complementary 
DNA by extending tk second oligonucleotide primer, thereby forming an RNA-DNA 
hybrid. The ribonucleE hydrolyzes an RNA which is part of the RNA-DNA hybrid to 
liberate the single-straiid complementary DNA which comprises a sequence complementary 
to the specific nucleic ad sequence, minus-sense sequences of the promoter and the initiation 
site wherein the 5'-terinal sequence is self-complementary to the minus-sense sequence of 
the initiation site, and#-terminal phosphate (Figure 2). 

The first oligondeotide primer hybridizes to the complementary DNA, and the DNA 
polymerase uses the c«plementary DNA as template to synthesize a DNA segment which 
terminates at the secorifioligonucleotide primer by extending the first oligonucleotide primer. 
The DNA ligase thenfins the 3' terminus of the DNA segment to the 5' terminus of the 
oligonucleotide primer&reby forming a DNA comprising a DNA second template. Finally, 
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an RNA polymerase recognizes the promoter and transcribes the DNA second template, 
thereby providing copies of the RNA first template. (Figure 2). 

Starting from DNA, the preferred mode of providing an RNA first template involves 
adding to the reaction medium the DNA ligase and the single-stranded complementary DNA 
which comprises a sequence complementary to the specific nucleic acid sequence, 
minus-sense sequences of the promoter and the initiation site, a 5'-terminal sequence that is 
complementary to the minus-sense sequence of the initiation site, and a 5'-terminal phosphate. 
The single-stranded complementary DNA may be generated from a single-stranded DNA 
comprising the specific nucleic acid sequence (Figure 3). In a separate process the 
single-stranded DNA is first separated from any DNA duplex by thermal or chemical 
denaturation. The second oligonucleotide primer hybridizes to the single-stranded DNA, and 
a DNA polymerase uses the single-stranded DNA as a template to synthesize a 
complementary DNA by extending the second oligonucleotide primer. The single-stranded 
complementary DNA is finally separated from the single-stranded DNA by thermal or 
chemical denaturation, ind then added to the reaction medium along with the DNA ligase. In 
the reaction medium, the complementary DNA is used to provide copies of the RNA first 
template by the preferred mode set forth starting from RNA. (Figure 3). 



In addition to the single-stranded complementary DNA, any other nucleic acid 
intermediate set forth in the preferred mode starting from an RNA may be added to the 
reaction medium to provide an RNA first template. For example, one could add to the 
reaction medium the DNA ligase and an RNA-DNA hybrid comprising the single-stranded 
complementary DNA. such that the ribonuclease hydrolyses the RNA thereby providing a 
25 copy of the single-stranded complementary DNA. Alternatively an antecedent to one of the 
nucleic acid intermediates set forth in the preferred mode starting from an RNA may be 
added to the reaction medium to provide an RNA first template. For example, one could add 
to the reaction medium a DNA comprising a promoter, such that RNA polymerase 
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recognizes the promoter and transcribes the DNA. thereby providing copies of the 
single-stranded RNA. The RNA and its antecedent DNA may be the products of an 
amplification process, for example NASBA™. 



5 An alternative mode of providing an RNA first template in the reaction medium 

involves adding a second oligonucleotide primer that further comprises ribonucleotides from 
the 5' terminus preferably, through to beyond the minus-sense sequence of the initiation site, 
or possibly, through to beyond the minus-sense sequence of the promoter, or throughout the 
entire sequence of the primer to the 3' terminus. The second oligonucleotide may further 
10 comprise nucleoside substitutions, for example riboinosine for riboguanosine and ribocytosine 
for ribouridine, such that a 5'-terminal stem-loop structure would not be stable in the reaction 
medium, but under the same conditions, the 3' terminus of a complementary DNA 
synthesized using the second primer as template would hybridize to itself and prime DNA 
synthesis. 

15 

An RNA first template may be provided by adding to the reaction medium a 
single-stranded RNA comprising a specific nucleic acid sequence and a second 
oligonucleotide primer with a 5 f -terminal oligoribonucleotide segment. (Figure 4). This 
second oligonucleotide primer hybridizes to the single-stranded RNA, and the DNA 

20 polymerase uses the single-stranded RNA as a template to synthesize a complementary DNA 
by extending the second oligonucleotide primer, thereby forming an RNA-DNA hybrid. The 
ribonuclease hydrolyzes the RNA which is part of the RNA-DNA hybrid to liberate the 
complementary DNA comprising the second oligonucleotide primer, at its 5' terminus. The 
first oligonucleotide primer hybridizes to the complementary DNA and the DNA polymerase 

25 uses the complementary DNA as template to synthesize a DNA second template by extending 
the first oligonucleotide primer. The ribonuclease hydrolyzes the RNA portion of the second 
oligonucleotide primer, which together with the second DNA template comprises an 
RNA-DNA hybrid. This allows the 3'-terminal DNA sequence to hybridize to the plus-sense 
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sequence of the initiation site in the DNA second template. Then the DNA polymerase uses 
the DNA second template to synthesize the promoter by extending the DNA second template. 
Finally, an RNA polymerase recognizes the promoter and transcribes the DNA second 
template, thereby providing copies of the RNA first template. (Figure 4). 

An RNA first template may be provided by adding to the reaction a single-stranded 
complementary DNA comprising a sequence complementary to the specific nucleic acid 
sequence and a 5'-terminal second oligonucleotide primer with a oligoribonucleotide segment 
The single-stranded complementary DNA may be generated in a separate process as set forth 
in the preferred mode starting from a single-stranded DNA comprising a specific nucleic acid 
sequence, in this case using a second oligonucleotide primer comprising a 5'-terminal 
oligoribonucleotide segment. The complementary DNA is used to provide an RNA first 
template as set forth in the alternative mode starting from a single-stranded RNA comprising 
a specific nucleic acid sequence. 



All of the enzymes used in this invention should meet certain practical specifications. 
Each enzyme or enzyme preparation should be free of deleterious deoxyribonuclease 
CDNase") activities, such as the 5' or 3' exonuclease activities which are often associated 
with certain DNA polymerases and single-strand or double-strand specific exonuclease or 
endonucleases. Each enzyme or enzyme preparation should be free of deleterious 
ribonuclease ("RNase") activities, with the exception of the preferred addition of a 
ribonuclease activity which is specific for hybrids of an RNA and DNA (for example, 
ribonuclease H). In addition, each enzyme should be reasonably active under the common 
reaction conditions which are used for the other enzymatic processes, and non-enzymatic 
25 processes, such as hybridizing oligonucleotide primers to the RNA or DNA templates. 

The RNA polymerase which is used in this invention may be any enzyme capable o 
binding to a particular DNA sequence called a promoter and specifically initiating an RNA 
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synthesis at a defined initiation site within close proximity to the promoter. Sequences of the 
promoter and the initiation site form part of the RNA first template and the DNA second 
template, and may be provided as pan of the second primer. The RNA polymerase should be 
capable of synthesizing several copies of an RNA per functional copy of template in a 
5 reasonable amount of time. In addition, the RNA polymerase should recognize a relatively 
compact promoter and initiation site, a feature that characterizes a family of bacteriophage 
RNA polymerases. In the preferred embodiment, the bacteriophage T7 RNA polymerase is 
used. 

In another embodiment, the bacteriophage T3 RNA polymerase is used. In addition, other 
10 bacteriophage RNA polymerases, such as Salmonella phage sp6, Phage Kll or phage BA14 
may be used. Alternatively, another prokaryotic or a eukaryotican RNA polymerase may be 
used. It is recognized that if alternative RNA polymerases are used, then the necessary 
changes to the promoter and initiation sequences of the second primer should be made, 
according to the template specificity of the particular RNA polymerase. 

15 

The DNA polymerase which is used in this invention may be any enzyme capable of 
synthesizing DNA from an oligonucleotide primer and a DNA or an RNA template. In 
addition, this enzyme may contain an RNase H activity. In the preferred embodiment, the 
avian myeloblastosis viral polymerase ("AMV reverse transcriptase") is used. In addition, the 
20 DNA polymerase could be from another retrovirus, such as Moloney murine leukaemia 
virus. Alternatively, any other eukaryotic, prokaryotic or virus encoded a DNA polymerases 
could be used. 

The RNase H which could be used in this invention may be any enzyme capable of 
25 hydrolyzing an RNA which is annealed to a complementary DNA. This enzyme should not 
be capable of hydrolyzing single-or double-stranded RNA or DNA. In the preferred 
embodiment, the E. coli RNase H is used. In addition, other RNase H enzymes could be 
used, such as calf thymus RNase H. Since RNase H is an intrinsic activity of AMV reverse 
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transcriptase, the E. coli RNase H will be supplemented in the preferred embodiment by the 
RNase H of AMV reverse transcriptase. Alternatively, any other enzyme capable of 
separating an RNA from DNA could be used. 

The above-mentioned enzymes and primers are mixed together in a reaction vessel 
which contains the necessary buffers and co-factors for both DNA and an RNA synthesis. In 
addition, the ionic conditions and reaction temperature should be compatible with specific 
hybridization of the primers to the DNA and an RNA templates as is known to those skilled 
in the an. Tne reaction mixture should be free of such agents which would interfere with the 
amplification process, specifically substances which could greatly inhibit the activity of the 
enzymes, interfere with the hybridizing of primers and templates, or degrade 
non-productively the nucleic acid intermediates and products. 

As described in United States Patent No. 5,130,238, the addition of both DMSO and 
BSA to the reaction medium significantly increases the sensitivity and reproducibility of the 
above-described amplification process. DMSO at final concentrations in the range between 
0% and 30 % and BSA at final concentrations in the range between 5 ug/ml to 250O ug/ml 
are useful for enhancing the sensitivity and reproducibility of the amplification process. 

Tlie use of DMSO and BSA in the amplification reaction medium provides enhanced 
sensitivity and reproducibility over the use of the reaction medium without DMSO and BSA. 
however the reaction medium alone is sufficient for the detection and isolation of targeted 
nucleic acid sequences. 



25 Example 1: Design and Synthesis of OUgonucleotide Primer* and an RNA Template 
for TRAM 

Enzymes for digesting and ligating DNA were purchased from New England Biolabs. 
and used according to the supplier's recommendations. E.coli strain HB101 (ATCC 33694) 
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was used for all transformations. E.coli transformants were grown on YT medium (Miller, 
1972) containing 50 ug/ml ampicillin. Plasmid DNA was purified by a rapid boiling method 
(Holmes and Quigley, 1981). DNA fragments and vectors used for all constructions were 
separated by electrophoresis on low melting point agarose, and purified from the molten 
5 agarose by phenol extraction and ethanol precipitation (Maniatis et al., 1982). Plasmid DNA 
was sequenced using a modification (Hattori etal., 1985) of the dideoxy method (Sanger et 
al., 1977). Reactions were run using the -20 universal primer (New England Biolabs). A 
plasmid, pGEM3X-HIVl, was constructed for the transcription of model RNA templates, by 
subcloning a l.5-kb proviral DNA fragment of HIV HXB2 (Genbank Accession Number 

10 K03455) into a derivative of pGEM 3 (Promega). Another DNA fragment of HIV HXB2 
was excised using Sau3AI site at nucleotide 1015 and the Pvu II site at nucleotide 1 144, and 
was ligated into pGEM3X-HIVl using the Pst 1 site at nucleotide 1414 and the Sph I site at 
nucleotide 1442, and the synthetic adapter GATCTGCA (to join the Sau3Al and Pst I ends) 
and the Sph I linker CGCATGCG (to convert the Pvu II and to an Sph I end). The resulting 

15 plasmid, pGEM3X-HIVl-E2 was used for the transcription of RNA templates as follows: 
approximately 1 jag of pGEM3X-HIVI-E2 was digested with Eco RJ, precipitate with 
ethanol, dissolved in 5 \x\ of water, and added to a 20-^1 (final volume) reaction containing 40 
mM Tris-HCI (pH 8.5), 12 mM MgCh, 50 mM KC1, 10 mM dithiotheitol, 2 mM ATP, 2 
mM CTP, 2 mM GTP, 2 mM UTP, 1 mM dATP, 1 mM dCTP, 1 mM dGTP, 1 mM 

20 dTTP, 12.5 units RNA-Guard (Pharmacia) and 30 units SP6 an RNA polymerase (Promega). 
The transcription reaction was incubated at 37°C for 1 hour; thereafter 1 [II (I unit) of RQ 
DNase I (Promega) was added, and the incubation was continued for an additional 15 min. 
The resulting RNA product, HIV1-E2 RNA, was then extracted twice with phenol: 
chloroform (1:1) and once with chloroform, precipitated with ethanol, and dissolved in 

25 water. The concentration of HIV1-E2 RNA was determined by slot-blot hybridization by 
comparing serial dilutions of the RNA to known amounts of the Hasmid DNA. The specific 
nucleic acid (RJSA) sequence and its complementary DNA sequence, which hybridize to the 
respective second primer and first primer are disclosed in Figure 5 (SEQ.ID. No. 2 and 3). 
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A TRAM second primer was synthesized as a 78-base oligodeoxynucleotide with a 
chemically-coupled 5' terminal phosphate (Figure 6A, SEQ. ID. No. 4). It comprises a 
34-base 5'-terminal sequence, capable of folding into a 10-base loop flanked by a 12-base pair 
duplex, which further comprises a T7 RNA polymerase initiation site; a 22-base internal 
sequence comprising the minus-sense sequence of a T7 RNA polymerase promoter; and a 
22-base 3'-terminal priming sequence which anneals to the specific nucleic acid sequence of 
the analyte (nucleotides 1 13-134 of SEQ. ID. No. 2; complement to nucleotides 1497-1518 of 
Genbank Accession Number K03455). As a control, a dephosphorylated TRAM second 
primer was synthesized as shown in Figure 6A but without a chemically-coupled 5'-terminal 
phosphate. For comparison, a NASBA™ second primer was synthesized as a 48-base 
oligodeoxynucleotide (Figure 6B, SEQ.ID. No. 5). It comprises a 26-base S'-terminal 
sequence comprising the plus-sense sequence of a T7 RNA polymerase promoter and 
initiation site; and a 22-base 3'-tenninal priming sequence which anneals to the same specific 
15 nucleic acid sequence of the analyte as the TRAM second primer. A common first primer 
was synthesized as a 21 -base oligodeoxynucleotide (Figure 6C, SEQ. ID. No. 6). It 
comprises a sequence that anneals to a DNA complementary to the specific nucleic acid 
sequence of the analyte (nucleotides 1-21 of SEQ. ID. No. 2; nucleotides 1091-1111 of 
Genbank Accession Number K03455). Oligonucleotides were synthesized using an Applied 
Biosystems 380A DNA synthesizer. Columns, phosphoramidites, and reagents used for 
oligonucleotide synthesis were obtained from Applied Biosystems, Inc. through Technical 
Marketing Associates. Oligonucleotides were purified by polyacrylamide gel electrophoresis 
followed by DEAE cellulose chromatography. Alternatively, purified oligonucleotides were 
purchased from Synthetic Genetics (San Diego, CA, USA). 
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Example 2: The Effect of 5-Phosphorylated Second Primer and DNA Ligase on the 
Efficiency of Specific Amplification 
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Each standard reaction contained 40 mM Tris-HCl (pH 8.5), 12 mM MgCL. 50 mM 
KCI, 10 mM dithiothreitol, 2 mM ATP, 2 mM CTP, 2mM GTP, 2 mM UTP, I mM 
dATP, 1 mM dCTP, 1 mM dGTP, 1 mM dTTP, 15% (vAr) dimethyl sulfoxide, 100 ng/ml 
bovine serum albumin, 8 units AMV reverse transcriptase (Seikagaku), 0.1-0.2 units E.coli 
5 RNase H (Pharmacia), 20-40 units 77 an RNA polymerase (Pharmacia) and 12.5 units 
RNA-Guard™ (Pharmacia) in a final volume of 25 In addition, some of the standard 
reactions contained 2 nM phosphorylated TRAM second primer and 2 nM first primer; of 
these one control set (Set C) contained no ligase, and other sets (Sets D and E) contained T4 
DNA iigase from either New England Biolabs (400 units) a Bethesda Research Laboratories 

10 (1 unit), respectively. In addition, one control set (Set B) of standard reactions contained 2 
nM dephosphorylated TRAM second primer and 2 nM first primer. In addition, one control 
set (Set A) of standard reactions (designated as "standard NASBA™ reactions") contained 
200 nM NASBA™ second primer and 200 nM first primer. Duplicate reactions from each set 
of conditions contained 10 4 molecules of an RNA template, which was generated following 

15 the teaching of Example 1. One reaction from each set of conditions contained no added 
template. The reactions were incubated at 40°C for 90 minutes. 

Aliquots (5 \x\) of the reactions were analyzed by electrophoresis on gels composed of 3% 
Nusieve agarose. 1% agarose and 0.2 ng/ml ethidium bromide in I X TAE (40 mM 

20 Tris-acetate, 1 mM disodium EDTA, pH 8.0), using a running buffer of 1 x TAE. The 
separated nucleic acid products were visualized on an ultra-violet transilluminator. Following 
electrophoresis, the nucleic acids were electro-blotted onto a nylon membrane (Hybond N) 
using the model TE 42 transfer apparatus as specified by the manufacturer (Hoeffer Scientific 
Instruments). The transfer was performed in 1 x TAE buffer for I hour at 600 mA or for 

25 overnight at 20 mA. After allowing the membrane to dry, the nucleic acids were fixed by 
irradiation at 300 nm for 2 minutes on a UV transilluminator. 
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The membrane was next hybridized with a [5'-»P] oligonucleotide probe 
(5'-CCAGGCCAGATGAGAGAACCAAGGGGAAG-3') (SEQ. ID. NO.7). The labelled 
piobe was added at a concentration of 1 x 10* cpm per ml of hybridization solution which 
contained 0.9 M NaCI, 0.09 M sodium citrate, 0.1% bovine serum albumin, 0.1% 
polyvinylpyrilidone (40OO0), 0.1% Ficoll (400000), 25 mM Tris-HCl (pH 7.5), 0.05% 
sodium pyrophosphate and 0.5% sodium dodecyl sulfate. Hybridization was performed for a 
minimum of 2 hours at 50°C. After hybridization, the membrane was washed in a solution 
containing 15 mM NaCI, 1.5 mM sodium citrate and 0.5% sodium dodecyl sulfate first for 5 
minutes at room temperature and then for 30 minutes at SOX. The membrane was rinsed 
once in a similar solution, air dried and covered in a plastic wrap. Autoradiography was 
performed using Kodak XAR-5 film with intensifying screens at -70°C for required 
exposures. 

The blot hybridization analysis of the reaction products (Figure 7) shows that the most 
specific amplification was observed for reactions containing both phosphorylated TRAM 
second primer and DNA ligase (Sets D and E, lanes 2 and 3). The absence of DNA ligase in 
the reaction results in a substantial loss in the amount of specific product, which migrates 
differently on the native agarose gel (Set C. lanes 2 and 3). For reactions containing the 
dephosphorylated TRAM second primer and no DNA ligase. the specific products were only 
marginally detected by hybridization (Set B. lanes 2 and 3). The accumulation of specific 
products in the reactions of Sets D or E was comparable to that in reactions containing the 
NASBA™ second primer (Set A. lanes 2 and 3). For each set of conditions, specific products 
were not detected from reactions without added template (Sets A through E, lanes 1). 

In Figure 7. the following lanes contain the following materials, 
1 - no added template 

2.3 - 10 4 molecules of HIV-1 E2 RNA as template 
A - NASBA™ 
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B - TRAM reactions containing dephosphorylated second primer 
C - TRAM reactions containing phosphorylated second primer 
D - TRAM reactions containing phosphorylated second primer + ligase (400 U, 
NEB) 

E - TRAM reactions containing phosphorylated second primer + ligase (1 U, 
BRL) 



Example 3: The Effect of 5 -Phosphorylated Second Primer and DNA Ligase on the 
Structures of Amplified RNA Products 

Standard reactions were assembled following the teaching of Example 2. In addition, 
two sets of standard reactions contained 500 fmol (20 nM) first primer, 50 fmol (2 nM) 
dephosphorylated TRAM second primer, and either no ligase (Set A) or 1 unit T4 DNA 
Ligase from BRJL (Set B). In addition, two sets of standard reactions contained 500 fmol (20 
nM) first primer, 50 finol (2 nM) phosphorylated TRAM second primer, and either no ligase 
(Set C) or I unit of T4 DNA Ligase from BRL (Set D). In addition, one control set (Set N) 
of standard reactions contained 200 nM NASBA™ second primer and 200 nM first primer. 
Reactions from each set of conditions contained 10 6 molecules of an RNA template, which 
was generated following the teaching of Example 1. The reactions were incubated at 40°C for 
90 minutes. 

The RNA products of each reaction were analyzed by direct dideoxy sequencing using 
the first primer. Aliquots (5 to 10 jj.1> of the reactions were purified by centrifugal desalting 
using columns consisting of micropipet tips plugged with glass wool and packed with 500 fj.1 
of Bio-gel P60 (Bio-Rad) in 40 mM Tris-HCl (pH 7.2) and 50 mM NaCL The eluents from 
the columns (5-^tl) containing the amplified RNA products were added to a 5-|il mixture 
containing 80 mM Tris-HCl (pH 8.3), 100 mM KCI, 12 mM MgCh 10 mM dithiothreitol 
and 0.5 pmol [5'- 32 P] first primer. The resulting priming mixture was incubated at 50 to 60°C 
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for 5 minutes and then cooled to room temperature over a time interval of 5 minutes. After 
adding 1 nl (10 to 15 units) of AMV reverse transcriptase, the annealed priming mixture was 
divided into 2.2-nI aliquots and added to four tubes each containing 2 ^ of a different 
dNTP/ddNTP mixture. The resulting dideoxy sequencing reactions were incubated at 48°C 
for 15 minutes. To each reaction was then added 2 nl of a chase solution (0.5 mM of each 
dNTP), and the incubation at 48°C was continued for an additional 10 minutes. To each 
completed sequencing reaction was then added 4 ul of sequencing dye mixture (95% 
fomamide, 20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol FF) and 1 ul 
(1 unit) RNase A. Following a 15-minute incubation at 37°C to digest the excess RNA, the 
labelled DNA sequencing products were boiled for 2 minutes and quick-cooled on ice. 
Aliquots (2 to 2.5 ul) of each sample were applied to a standard 7% polyacrylamide 
sequencing gel and analyzed using standard electrophoretic methods. Autoradiography was 
performed using Kodak XAR-5 film for required exposures. 

Sequencing analysis of the amplified RNA products is shown in Figure 8. 

In Figure 8. the following lanes contain the following materials, 

P - Sequence of plasmid DNA of amplified region 
N - Sequence of NASBA™ RNA product 

A - Sequence of TRAM RNA product amplified using the dephosphorylated 
second primer 

B - Sequence of TRAM RNA product amplified using the dephosphorylated 
second primer + ligase 

C - Sequence of TRAM RNA product amplified using the phosphorylated second 
primer 

D - Sequence of TRAM RNA product amplified using the phosphorylated second 
primer + ligase 
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Although the amplified RNA products each contained the specific nucleic acid 
sequence of the added template, variations in the 5'-terminal structures were observed among 
the different reactions. The reaction containing both phosphorylated TRAM second primer 
5 and DNA ligase (Set D) gave predominantly the anticipated RNA product, indicated by 
extension product X in Figure 8. The sequencing analysis of this RNA product suggests a 
5'-terminal stem-loop structure with a sequence complementary to the 5'-terminal 34 bases of 
the TRAM second primer (Figure 6A). As indicated by the shorter extension product Y in 
Figure 8, this stem-loop structure was predominantly absent from the amplified RNA 

10 products from the reactions with a dephosphorylated TRAM second primer (Sets A and B) or 
without a DNA ligase (Sets A and C). These shorter RNA products still contained the 
plus-sense sequence of the T7 promoter, which were absent from the RNA products of a 
standard NASBA™ reaction (Set N) as indicated by extension product Z in Figure 8. Thus, 
the phosphorylated TRAM second primer and DNA ligase are both required for the efficient 

15 formation of a DNA intermediate which is capable of amplification without, a cyclic use of 
TRAM second primer. 

Example 4: The Effect of First Primer Concentration in TRAM 

20 Standard reactions were assembled following the teaching of Example 2. In addition, 

three sets of standard reactions contained 1 unit T4 DNA ligase (BRL) and 50 fmol (2 nM) 
phosphorylated TRAM second primer; and first primer in amounts (final concentrations) of 5 
pmol (200 nM) for Set B, 500 fmol (20 nM) for Set C, or 50 fmol (2 nM) for Set C. In 
addition, a control set (Set A) of standard reactions contained 5 pmol (200 nM) NASBA™ 

25 second primer and S pmol (200 nM) first primer. Duplicate reactions from each set of 
conditions contained 10 6 , 10\ or 10 2 molecules of an RNA template, which was generated 
following the teaching of Example I . One reaction from each set of conditions contained no 
added template. The reactions were incubated at 40°C for 90 minutes. 
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Aliquots (5 nl) of the reactions were analyzed by agarose gel electrophoresis and blot 
hybridization following the teaching of Example 2. Visualization of the ethidium bromide 
stained products (Figure 9) shows that the levels of accumulated products depend on the 
5 amount of the first primer in the reaction. 

The concentration of the first primer also affects the relative accumulation of RNA 
and RNA:DNA hybrid products, indicated by X and Y respectively. The RNA:DNA hybrid, 
which was abundant in reactions containing 5 pmol (20 nM) first primer (Set B), virtually 
10 disappeared in reactions containing 500 fmol (20 nM first primer (Set C). Although the levels 
of RNA product were unaffected at either of these first primer concentrations, a further 
decrease in the first primer concentration to 2 nM (Set D) resulted in a proportional decrease 
in the level of accumulated RNA product. 

15 Some of the reactions (e.g., Set B, lanes 1, 4, 5. 6and 7; and Set C, lanes 1. 6 and 7) 

contained other products which were smaller than the RNA product and did not hybridize to 
the oligonucleotide probe. These non-specific products were predominant in reactions 
containing higher concentrations of first primer or lower levels of added template. For 
example, in the reactions containing 10 4 molecules of added template (lanes 4 and 5). the 

20 non-specific products prevailed at first primer concentrations of 200 nM (Set B) but not at 20 
mM (Set C). Similarly, the same high first primer concentration (200 nM) in reactions 
containing the NASBA™ second primer (Set A) resulted in the predominance of non-specific 
products with added template levels of 10* molecules or less (lanes I, 4, 5, 6 and 7). Thus for 
both TRAM and NASBA™ second primers, there was more non-specific primer interaction 

25 at the higher first primer concentrations. 

The competition between non-specific and specific products was also evident from the 
blot hybridization analysis (Figure 10). 
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In Figures 9 and 10, the following lanes contain the following materials. 



1 no added template 

2,3 - 10 6 molecules of HrV-1 E2 RNA as template 

4,5 - 10 4 molecules of H[ V-l E2 RNA as template 

6,7 - - 10 2 molecules of HI V-l E2 RNA as template 

A - NASBA™ (second primer = 5 pmol; first primer = 5 pmol) 

B TRAM (second primer = 50 fmol; first primer = 5 pmol) 

C - TRAM (second primer = 50 fmol; first primer =500 fmol) 

D - TRAM (second primer = 50 ftnol; first primer = 50 fmol) 



For both NASBA™ (Set A) and TRAM (Set B) second primers, In reactions 
containing 5 pmol (200 nM) first primer, 10 2 molecules of added template were only 
marginally amplified and/or detected. However, the 10 3 molecules of added template were 
more reliably amplified and/or detected in reactions containing the TRAM second primer and 
500 fmol (20 nM) first primer (Set C). A further decrease in the level of first primer to 50 
fmol (2 nM), resulted in a loss of product yield and sensitivity (Set D). Thus, in reaction 
containing 50 fmol (2 nM) TRAM second primer, the optimum specific amplification was 
obtained with 500 fmol first primer per reaction (20 nM). 

Example 5: The Effect of Second Primer Concentration in TRAM 

Standard reactions were assembled following the teaching Example 2. In addition, 
three sets of standard reactions contained 1 unit T4 DNA ligase (BRL) and 500 fmol (20 nM) 
first primer; and phosphorylated TRAM second primer in amounts (final concentrations) of 
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50 ftnol (2 nM) for SetB, 5 fmol (0.2 nM) for Set C, or 0.5 fmol (0.02 nM) for Set C. In 
addition, a control set (Set A) of standard reactions contained 5 pmol (200 nM) NASBA™ 
second primer and 5 pmol (200 nM) first primer. Duplicate reactions from each set of 
conditions contained ltf, 10\ or 10 2 molecules of an RNA template, which was generated 
following the teaching of Example 1. One reaction from each set of conditions contained no 
added template. The reactions were incubated at 40°C for 90 minutes. 

Aliquots (5 ul) of the reactions were analyzed by agarose gel electrophoresis and blot 
hybridization following the teaching of Example 2. Visualization of the ethidium bromide 
stained products (Figure 1 1) and autoradiography of the specifically hybridized products 
(Figure 12) indicate that, the levels of accumulated products were less dependent on the 
amount of second primer in the reaction. 

In Figures 1 1 and 12, the following lanes contain the following materials, 
1 - no added template 

2.3 - 10* molecules of HIV-1 E2 RNA as template 
10* molecules of HIV-1 E2 RNA as template 
lCr molecules of HIV-1 E2 RNA as template 

NASBA™ (second primer = 5 pmol; first primer = 5 pmol) 
TRAM (second primer = 50 fmol; first primer =500 fmol) 
TRAM (second primer = 5 fmol; first primer =500 fmol) 
TRAM (second primer =0.5 fmol; first primer =500 fmol) 

The most specific product was observed in reactions containing 50 fmol (2 nM) 
TRAM second primer (Set B). Lowering the level of TRAM second primer to 5 fmol (0.2 
nM) caused only a slight reduction in the yield of specific products and sensitivity at 10 2 
molecules of added template (Set C). However, both product yield and sensitivity were 



A 
B 
C 
D 
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adversely affected in the reactioB containing 0.5 fmol (0.02 nM) TRAM second primer (Set 
C). The sensitivity of amplified and/or detection down to 10 2 molecules of added template 
was similar in reactions contairig either 5 pmol (200 nM) NASBA™ second primer (Set A) 
or 50 fmol (2 nM) TRAM secad primer (Set B). Thus, 50 fmol TRAM second primer per 
reaction (2 nM) was optimum,* conjunction with the optimum of 500 fmol (20 nM) first 
primer. 

Example 6: The Effect of Fil Comparison of TRAM with NASBA™ Using the 
Primer ConcenMions Optimized for TRAM also for NASBA™ 

Standard reactions weressernbled following the teaching of Example 2. In addition, 
one set (Set B) of standard reactias (designated as "optimized TRAM reactions") contained 1 
unit T4 DNA ligase (BRL) an<fiO ftnol (2 nM) phosphoryiated TRAM second primer and 
500 fmol (20 nM) first primain amounts. In addition, another set (Set A) of standard 
reactions contained 50 fmol (2*1) NASBA™ second primer and 500 fmol (20 nM) first 
primer. Duplicate reactions froieeach set of conditions contained 10 6 , 10\ or 10 : molecules 
of an RNA template, which waspnerated following the teaching of Example 1. One reaction 
from each set of conditions ccoined no added template. The reactions were incubated at 
40°C for 90 minutes. 

Aliquots (5 jal) of the rations were analyzed by agarose gel electrophoresis and blot 
hybridization following the teaing of Example 2. Visualization of the ethidium bromide 
stained products (Figure 13) ai autoradiography of the specifically hybridized products 
(Figure 14) indicates that no pihicts were detected at any level of added template from 
NASBA reactions containing 50iol (20 nM) first primer. 

In Figures 13 and 14, thdbllowing lanes contain the following materials, 
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1 - no added template 

2,3 - IO 6 molecules of HIV- 1 E2 RNA 

4,5 - 10 4 molecules of HIV-1 E2 RNA 

6,7 - ltfmoleculesofHIV-l E2 RNA 

5 

A - NASBA™ (second primer = 50 fmol; first primer =500 fmol) 

B - TRAM (second primer = 50 fmol; first primer =500 fmol) 

Conversely, these same primer concentrations in the optimized TRAM reaims 
10 resulted in the amplification and detection of specific product down to Hfinolecules of *ed 
template. These results demonstrate a major difference in the NASBA™" and TOM 
processes showing the effect of the specialized structure of the second primer for TRAM (cf 
Figure 6A with 6B). 

15 Example 7: Second Primer Independence for Re-aii.pliT.cat ion of TRAM Reaoon 
Products 

Standard NASBA™ reactions and optimized TRAM reactions were assemfed 
following the teachings of Examples 2 and 6. respectively. Each reaction containedlO* 
20 molecules of an RNA template, which was generated following the teachings of Exampfcl . 
The reactions were incubated at 40°C for 90 minutes. A portion of each incubattd reaa>n 
was treated with DNase 1 to remove any residual primers. Serial 10-fold dilutions to©'* 
were prepared for both DNase I treated and untreated portions of both NASBA™ and TRIM 
reactions. 



25 



Standard reactions were assembled following the teaching of Example 2. In additm, 
the standard reactions contained first primer in amounts (final concentrations) of 5pmol (HO 
nM) for Set A, and 500 fmol (20 nM) for Set B. Duplicate reactions from Set A contain 
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2-jil aliquots of the 10" n , 10' 1 ", 10 13 or 10 14 dilutions of the DNase I treated or untreated 
portions of the standard NASBA™ reactions. Duplicate reactions from Set B contained 2-mJ 
aliquots of the 10" 9 , 10 l0 , 10" 11 , IO* 12 dilutions of the DNase I treated or untreated portions of 
the optimized TRAM reactions. One reaction from each set of conditions contained no added 
5 template. The reactions were incubated at 40°C for 90 minutes. 

Aliquots (5 pil) of the reactions were analyzed by agarose gel electrophoresis and blot 
hybridization following the teaching of Example 2. Visualization of the ethidium bromide 
stained products (Figure 15) and autoradiography of the specifically hybridized products 
10 (Figure 16) indicates that, the serially-diluted and untreated TRAM products could be 
amplified in standard reactions containing the first primer only. 

In Figures 15 and 16, the following lanes contain the following materials. 



15 


1 


no added template 




2.3 - 


2 |il of 10 " dilution of a NASBA™ reaction as template 




4,5 - 


2 of 10' 12 dilution of a NASBA™' reaction as template 




6,7 - 


2 ill of lO" dilution of a NASBA™ reaction as template 




8.9 - 


2 (.il of 10 '" dilution of a NASBA™ reaction as template 


20 


10 


no added template 




11,12 - 


2 nl of IQf 9 dilution of a TRAM reaction as template 




13,14 - 


2 |il of 10' 10 dilution of a TRAM reaction as template 




15,16 - 


2 m.1 of 10 11 dilution of a TRAM reaction as template 


25 


17,18 - 


2 \i\ of 10' 12 dilution of a TRAM reaction as template 



A - NASBA™ reactions containing 5 pmol of First primer and no second primer 
B - TRAM reactions containing 500 fmol of first primer and no second primer 
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P - Positive hybridization control 

Specific products were amplified and nected from products of optimized TRAM 
reactions that had been diluted to 10" (Figure Hi Set B, lanes 15 and 16) or 10 12 (Figure 15, 
Set B, lanes 17 and 18). Conversely, the unrated products of the standard NASBA™ 
reaction, at any dilution, could not be amplifiedmhout the NASBA™ second primer (Set A. 
lanes 2 through 9). Similar results were obtainefosing serial dilutions of the DNase I treated 
NASBA™ and TRAM reactions (data not show* 

The RNA product of a NASBA™ react, does not carry a promoter sequence from 
which a double-stranded. DNA promoter may baynthesized. Rather, the promoter sequence 
is carried in the second primer which must be md as a template in each cycle to restore a 
functional double-stranded promoter to the DNApoduct of the RNA template. However, the 
unique arrangement of the promoter relative tofe terminal stem-loop in the TRAM DNA 
product provides for the transcription of a TRAI RNA product, that carries a minus-sense 
sequence of the promoter. Using the TRAM RMproductas template, a DNA product with 
a double-stranded promoter can be synthesize* without requiring a promoter-containing 
primer at each cycle. Thus, the phosphorylatedmAM second primer and DNA ligase are 
required for initiation of amplification to formfc initial DNA products from the added 
template, but not for cyclic propagation of amplifauon from the RNA and DNA products of 
a TRAM reaction. 



Example 8: First Primer Dependence forRe-amplification of TRAM Reaction 
Products 



Standard reactions were assembled follow^ the teaching of Example 2. In addition, 
one set (Set B) of standard reactions contained » fmol (20 nM) first primer. Another set 
(Set A) of standard reactions contained no additisu primers. Duplicate reactions from each 
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set of conditions contained 2-\il aliquots of the 10" 9 , lO 10 , ltf 11 , 10* 12 dilutions of the 
optimized TRAM reactions, which were generated following the teaching of Example 7. One 
reaction from each set of conditions contained no added template. The reactions were 
incubated at 40°C for 90 minutes. 

Aliquots (5 of the reactions were analyzed by agarose gel electrophoresis and blot 
hybridization following the teaching of Example 2. Visualization of the ethidium bromide 
stained products (Figure 17) and autoradiography of the specifically hybridized products 
(Figure 18) indicates that, the serially-diluted TRAM products could not be amplified in 
standard reactions without primers (Set A, lanes 2 through 7). 

In Figures 17 and 18, the following lanes contain the following materials. 



I - no added template 

2,3 - 2 ^1 of 10 9 dilution of DNase 1 treated TRAM products 

4,5 - 2 j-il of dilution of DNase 1 treated TRAM products 

6,7 - 2 fil of 10 11 dilution of DNase 1 treated TRAM products 

8,9 - 2 ptl of 10 12 dilution of DNase 1 treated TRAM products 

A - TRAM reactions containing 500 fmol first primer only 



However, as was shown in Example 8, dilutions of a TRAM reaction down to 10" 12 
were effectively amplified in standard reactions containing only the first primer (Set B, lanes 
2 through 7). Thus, the first primer is required for the cyclic propagation of amplification 
from the RNA and DNA products of a TRAM reaction. 

Example 9: Effect of ITP on TRAM Reactions 
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Standard NASBA™ reactions and optimized TRAM reactions were assembled 
following the teachings of Examples 2 and 6, respectively. In addition, one set of standard 
NASBA™ reactions and optimized TRAM reactions were assembled with a mixture of I mM 
GTP and 1 mM FTP replacing the standard 2 mM GTP. Each reaction contained 40 uCi [ a 
5 "PJCTP (3000 Ci:/mmol), which was supplied by New England Nuclear (Cambridge MA), 
and I0 4 molecules of an RNA template, which was generated following the teachings of 
Example 1 . The reactions were incubated at 40°C for 90 minutes. 

The levels of total RNA synthesis for each reaction condition were determined by 
measuring the incorporation of TCA-insoluble radioactivity of each reaction. Aliquots (5jxl) 
) of amplification reactions, were quenched in 20 ,ul 10 mM EDTA and placed on ice until all 
time point samples had been collected. The quenched samples were then applied to glass filter 
discs, and immediately dropped into ice-cold 5 % trichloroacetic acid ("TCA") - 1 % sodium 
pyrophosphate for 10 min with occasional mixing. Two 5 min. washes with ice-cold 5% 
TCA were followed by two additional washes with 95% ethanol and lyophilization to 
dryness. Radioactivity was determined in a liquid scintillation counter. 

The results, as summarized in Table 1, show the absolute amounts of an RNA 
synthesized under each reaction condition relative to the amount of an RNA from NASBA™ 
reactions under standard conditions (2 mM GTP). RNA synthesis from the optimized TRAM 
reactions 'without ITP was only 34.5% of that observed from the standard NASBA™ 
reaction. The substitution of 1 mM ITP for 1 mM GTP had no effect in NASBA™ reactions, 
but clearly increased the level of total RNA synthesis in TRAM reactions from 34.5% to 
84% of that observed in NASBA™. The 5'-terminal stem-loop of a TRAM RNA product is 
the most ostensible difference from a NASBA™ RNA product, that could explain the relative 
differences in the enhancement of an RNA synthesis due to ITP. The incorporation of ITP 
into the RNA product could destabilize the 5'-terminal stem-loop, which would then facilitate 
its displacement by AMV reverse transcriptase during the synthesis of a DNA copy. This was 
experimentally shown by P2-primed cDNA synthesis from TRAM RNA products synthesized 
with or without ITP. Reverse transcriptase paused more readily at the sequence 
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complimentary to the 5'-end of the RNA not containing ITP. Thus, by including 1 mM UP 
along with 1 mM GTP in TRAM reactions, the level of transcription was comparable to that 
of NASBA™. 

5 TABLE 1 





% RNA Synthesis 


1 

% RNA Synthesis 


Amplification conditions 


2 mM GTP 


1 mM GTP 


NASBA™ 


100 


101 


TRAM 


34.5 


84 



Example 10. The Effect of an RNA-DNA Composite Second Primer on the Structures 
of Amplified RNA Products. 

10 

A TRAM second primer, as disclosed in Figure 6A (SEQ. ID. No. 4) and as 
described in Example 1 , was synthesized as a 78-base RNA-DNA composite oligonucleotide 
comprising a 5'-terminal oligonucleotide segment of 34 ribonucleotides joined via a 
phosphodiesier bond to a 3'-terminal oligonucleotide segment of 44 deoxynucleotides. The 
15 5'-end of the composite TRAM second primer was not phosphorylated. 

Standard reactions were assembled following the teaching of Example 2. In addition, 
two sets of standard reactions contained 500 fmol (20 nM) first primer, 50 fmol (2 nM) 
phosphorylated TRAM second primer, and either no ligase (Set A) or 1 unit of T4 DNA 
20 ligase from BRL (Set B); In addition, a third set of standard reactions contained 500 fmol (20 
nM) first primer and 50 fmol (2 nM) composite TRAM second primer. Reactions from each 
set of conditions contained 10 6 molecules of an RNA template, which was generated 
following the teaching of Example I. The reactions were incubated at40°C for 90 minutes. 
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The RNA prcxlucts of each reaction were analyzed by direct dideoxy sequencing 
following the teaching of Example 3. Sequencing analysis of the amplified RNA products is 
shown in Figure 19, in comparison with a sequence generated using plasmid DNA from 
5 pGEM3X-HlVl E2 (Set P). 

In Figure 19. the following lanes contain the following materials, 



P - sequence of plasmid DNA in the amplified region 

A - sequence of TRAM RNA product amplified using the standard second primer 
without ligase 

B - sequence of TRAM RNA product amplified using the standard second primer 
IS with ligase 

C - sequence of TRAM RNA product amplified using the RNA-DNA composite 
second primer without ligase 



Although the amplified RNA products each contained the specific nucleic acid 
20 sequence of the added template and the plus-sense sequence of the 77 promoter, variations in 
the 5'-terminal structures were observed among the different reactions. Without DNA ligase. 
the reaction containing only the phosphorylated TRAM second primer (Set A) gave 
predominantly the truncated RNA product Y in Figure 19 (cf. Figure 8, Set C) that is 
missing the 5'-terminal stem-loop sequence of the TRAM second primer. The reaction 
25 containing both phosphorylated TRAM second primer and DNA ligase (Set B) gave 
predominandy the anticipated RNA product, indicated by extension product X in Figure 19 
(cf. Figure 8, Set D). The sequencing analysis of this RNA product suggests a 5'-terminal 
stem-loop structure with a sequence complementary to the 5'-terminal 34 bases of the TRAM 
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second primer (Figure 6A). The reaction containing the composite TRAM second primer (Set 
C) gave an RNA product of similar length. Sequence analysis of this RNA product suggests a 
5'-terminal stem-loop structure with a sequence identical to the 5'-terminal 34 bases of the 
composite TRAM second primer (Figure 6A). The reactions of Sets A and B contain some 
primer-related non-specific sequences in addition to the specific nucleic acid sequence. The 
results indicate that the use of a TRAM second primer with a 5'-terminaJ oligoribonucleotide 
segment is a viable alternative method for the formation of an RNA product that is capable of 
amplification without a cyclic use of a TRAM second primer. 

Example 11: Use of First Primers with 5 -Terminal Stem-Loops for Cyclic 
Amplification in the Absence of Primers. 

Two alternative first primers were synthesized, each of which comprise a 21-base 
3'-terminal priming sequence identical to the first primer (P2) sequence of Figure 6C and 
Figure 20A (SEQ. ID. NO. 8). One of these alternative primers, P2.1, is a 44-base 
oligodeoxynucleotide (Figure 20B, SEQ. ID. NO. 9) that further comprises a 23-hase 
5'-terminal sequence, capable of folding into a 7-base loop flanked by a 8-base pair duplex. 
The second of these alternative primers, P2.2, is a 30-base oligodeoxynucleotide (Figure 
20C. SEQ. ID. NO. 10) that further comprises a 9-base 5'-terminal sequence capable of 
folding into a 1-base loop flanked by a 4-base pair duplex. 

Standard reactions were assembled following the teaching of Example 2. In addition, 
each of standard reactions contained 50 fmol (2 nM) phosphorylated TRAM second primer 
and 1 unit of T4 DNA ligase BRL. In addition, each set of standard reactions contained 500 
fmol (20 nM) first primer P2 (Set A), P2. 1 (Set B), or P2.2 (SetC). Reactions from each set 
of conditions contained 10 4 molecules of an RNA template, which was generated following 
the teaching of Example 1. The reactions were incubated at 40°C for 90 minutes. A portion 
of each incubated reaction was treated with DNase I to remove any residual primers. Serial 
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100-fold dilutions to 10 8 were prepared for both DNase I treated and untreated portions of 
both NASBA™ and TRAM reactions. 

Standard reactions were assembled following the teaching of Example 2. No primers 
were added to the standard reactions. Duplicate reactions contained 2-ul aliquots of the I0\ 
10 6 or 10* dilutions of the DNase I treated or untreated portions of the sets of TRAM 
reactions were performed using the various first primers. One reaction from each set 
contained no added template. The reactions were incubated at 40°C for 90 minutes. 

Aliquots (5 ^1) of the reactions were analyzed by agarose gel electrophoresis and blot 
hybridization following the teaching of Example 2. Visualization of the ethidium bromide 
stained products (Figure 21) and autoradiography of the specifically hybridized products 
(Figure 22) indicates that for TRAM RNA products amplified using the P2 first primer (Set 
A), reamplification in the absence of primers was consistently observed only at the 10" 4 
dilution (cf. Set A of Figures 17 and 18). 

In Figures 21 and 22, the following lanes contain the following materials, 

1 - no added template 

2.3 - KT* dilution of primary TRAM reaction 

4,5 - 10* dilution of primary TRAM reaction 

6 ' 7 - 10* dilution of primary TRAM reaction 

A - first primer (P2) 
B - first primer (P2.1) 
C - first primer (P2.2) 
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Conversely, TRAM RNA products amplified using either P2.1 (Set B) or P2.2 (Set 
C) as first primer could be reamplified in the absence of primers down to a 10 s dilution. Of 
the latter two first primers, P2.2 with a smaller stem-loop structure appears to generate an 
RNA product that can be more efficiently amplified in the absence of primers. It is 
5 contemplated that further optimization could be performed on the 5'-terminal sequence of the 
first primer to further improve the self-priming efficiency of the amplified RNA product. 
Thus, first primers with 5'-terminal sequences that can fold into stem-loop structures can be 
used to amplify RNA products with 3'-terminal priming sequences. Once formed, these RNA 
first templates with 3'-terminal priming sequences can be amplified in a cyclic process 
10 without primers. 

The present invention has been described in terms of particular embodiments found or 
proposed by the present inventors to comprise preferred modes for the practice of the 
invention. It will be appreciated by those of skill in the art that, in light of the present 

15 disclosure, numerous modifications and changes can be made in the particular embodiments 
exemplified without departing from the intended scope of the invention. For example, due to 
codon redundancy, changes can be made in the underlying DNA sequence without affecting 
the protein sequence. Moreover, due to biological functional equivalency considerations, 
changes can be made in protein structure without affecting the biological action in kind or 

20 amount. All such modifications are intended to be included within the scope of the appended 
claims. 
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SEQUENCE LISTIKG 



(1) GENERAL INFORMATION; 



(i) APPLICANT: 

(A) NAME: Akzo Nobel N.V. 

(B) STREET: Velperveg 76 

(C) CITY: Arnhem 

(E) COUNTRY: The Netherlands 

(F) POSTAL CODE (ZIP) : 6824 BM 

fii) TITLE OF INVENTION: Terminal Repeat Amplification Method, 
(iii) NUMBER OF SEQUENCES: 10 

(XV) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

/n! 2™T ING SYSTEWl PC "DOS/MS-DOS 

SOFTWARE: Patentln Release #1.0, Version /I. 25 (EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/345,505 

(B) FILING DATE: 28-NOV-1994 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
TCTCCCTATA GTGAGTCGTA TTA 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 134 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
^D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: RNA (genomic) 



23 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
AGACAAGAUA GAGGAAGAGC AAAACAAAAG UAAGAAAAAA GCACAGCAAG CAGCAGGGCA 



60 
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UGCAGGGCCU AUUGCACCAG GCCAGAUGAG AGAACCAAGG GGAAGUGACA UAGCAGGAAC 12 0 

UACUAGUACC CUUC 134 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 134 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GAAGGGTACT ACTAGTTCCT GCTATGTCAC TTCCCCTTGG TTCTCTCATC TGGCCTGGTG 60 

CAATAGGCCC TGCATGCCCT GCTGCTTGCT GTGCTTTTTT CTTACTTTTG TTTTGCTCTT 12 0 

CCTCTATCTT GTCT 134 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 78 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GGGAGATTTA ACTCAGACGG GTGTTAAATC TCCCTATAGT GAGTCGTATT AGAATTGAAG 60 
GGTACTAGTA GTTCCTGC 78 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AATTCTAATA CGACTCACTA TAGGGAGAAG GGTACTAGTA GTTCCTGC 48 
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(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 
AGACAAGATA GAGGAAGAGC A 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) topology: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CCAGGCCAGA TGAGAGAACC AAGGGGAAG 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
AGACAAGATA GAGGAAGAGC A 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(Xi) SEQUENCE DESCRIPTION! SEQ ID NO: 9: 
TACTCATGCT GAGTCCATGA GTAAGACSG ATAGAGGAAG AGCA 
(2) INFORMATION FOR SEQ ID NOtlO: 

(i) SEQUENCE CHARACTERISES: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acd 

(C) STRANDEDKESS: sigle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (gnomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
TACTGAGTAA GACAAGATAG AGGAAGASA 
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CLAIMS 



We claim: 



1. 



A process for the amplification of a specific nucleic" acid sequence at a relatively 
constant temperature and without serial addition of reagents, comprising the steps of: 

(A) providing a single reaction medium containing reagents comprising: 

(i) a first oligonucleotide primer; 

(ii) an RNA polymerase; 

(iii) a DNA polymerase; 

(iv) a ribonuclease that hydrolyses RNA of an RNA-DNA hybrid without 
hydrolysing single- or double-stranded RNA or DNA, and; 

(v) ribonucleoside and deoxyribonucleoside triphosphates. 

(B) providing in said reaction medium RNA comprising an RNA first template 
which comprises a sequence complementary to said specific nucleic acid 
sequence, minus-sense sequences of a promoter and an initiation site that are 
recognized by said RNA polymerase, and a 5'-terminal sequence that is 
self-complementary to at least said minus-sense sequence of said initiation site, 
under conditions such that a cycle ensues wherein: 

(i) said first oligonucleotide primer hybridizes to said RNA first template; 

(ii) said DNA polymerase uses said RNA first template to synthesize a 
DNA second template by extension of said first oligonucleotide 
primer and thereby forms an RNA-DNA hybrid, said DNA second 
template comprising plus-sense sequences of said promoter and said 
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initiation site, and a 3'-terminal priming sequence that is 
self-complementary to said plus-sense sequence of said initiation site; 

(iii) said ribonuclease hydrolyses RNA which comprises said RNA-DNA 
hybrid; 

(iv) said 3'-terminal priming sequence of said DNA second template 
hybridizes to said plus-sense sequence of said initiation site; 

(v) said DNA polymerase uses said DNA second template as template to 
synthesize said promoter by extension of said DNA second template; 
and 

(vi) said RNA polymerase recognizes said promoter and transcribes said 
DNA second template, thereby providing copies of said RNA first 
template; 

and thereafter, 

(C) maintaining said conditions for a time sufficient to achieve a desired 
amplification of said specific nucleic acid sequence. 

2. A process according to Claim L wherein step (B) further comprises adding to said 
sequence, reaction medium a DNA ligase, a second oligonucleotide primer 
comprising a 3'-terminal priming sequence that is complementary to the specific 
nucleic acid sequence, said minus-sense sequences of said promoter and said initiation 
site, a 5'-terminal sequence that is self-complementary to said minus-sense sequence 
of said initiation site, and a 5'-terminal phosphate group, and providing in said 
reaction medium a single-stranded RNA comprising said specific^ nucleic acid 
sequence such that 

(i) said second oligonucleotide primer hybridizes to said single-stranded RNA; 
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said DNA polymerase uses said single-stranded RNA as a template to 
synthesize a complementary DNA by extension of said second oligonucleotide 
primer and thereby forms an RNA-DNA hybrid; 

said ribonuciease hydrolyses RNA which comprises said RNA-DNA hybrid; 



(iv) said first oligonucleotide primer hybridizes to said complementary DNA; 



(v) 

(vi) 
(vii) 



said DNA polymerase uses said complementary DNA as template to 
synthesize a DNA segment which terminates at said second oligonucleotide 
primer by extension of said first oligonucleotide primer; 
said DNA ligase joins said DNA segment to said second oligonucleotide 
primer and thereby forms a DNA second template; and 
said RNA polymerase recognizes said promoter and transcribes said DNA 
second template, thereby providing copies of said RNA first template. 



>• A process according to Claim 1. wherein prior to step (A), providing in an initial 
reaction medium a DNA ligase. a second oligonucleotide primer comprising a 
3'-terminal priming sequence that is complementary to the specific nucleic acid 
sequence, said minus-sense sequence of said promoter and said initiation site, a 
5'-terminal sequence that is self^omplementary to said minus-sense sequence of said 
initiation site, and a 5'-terminal phosphate group, and providing in said initial reaction 
medium a single-stranded DNA comprising said specific nucleic acid sequence such 



that 



(i) said second oligonucleotide primer hybridizes to said single-stranded DNA; 

(ii) said DNA polymerase uses said single-stranded DNA as a template to 
synthesize a complementary DNA by extension of said second oligonucleotide 
primer and thereby forms an DNA-DNA hybrid; 

(iii) said DNA-DNA hybrid is denatured; 

(i v) said first oligonucleotide primer hybridizes to said complementary DNA; 
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(v) said DNA polymerase uses said complementary DNA as template to 
synthesize a DNA segment which terminates at said second oligonucleotide 
primer by extension of said first oligonucleotide primer; 

(vi) said DNA ligase joins said DNA segment to said second oligonucleotide 
primer and thereby forms a DNA second template; and 

(vii) said RNA polymerase recognizes said promoter and transcribes said DNA 
second template, thereby providing copies of said RNA first template for said 
reaction medium of step (A), step (B) and step (C). 

A process according to Claim 3, wherein step (B) further comprises adding a double 
stranded DNA including said single-stranded DNA. 

A process according to Claim 1, wherein step (B) further comprises adding to said 
reaction medium, a second oligonucleotide primer comprising a 3'-terminaI priming 
sequence that is complementary to the specific nucleic acid sequence, said 
minus-sense sequences of said promoter and said initiation site, a 5'-terminal sequence 
that is self-complementary to said minus-sense sequence of said initiation site, and 
further comprising a 5'-terminal oiigoribonucleotide segment, and providing in said 
reaction medium a single-stranded RNA comprising said specific nucleic acid 
sequence such that 

(i) said second oligonucleotide primer hybridizes to said single-stranded RNA; 

(ii) said DNA polymerase uses said single-stranded RNA as a template to 
synthesize a complementary DNA by extension of said second oligonucleotide 
primer and thereby forms an RNA-DNA hybrid; 

(iii) said ribonuclease hydropses RNA which comprises said RNA-DNA hybrid; 

(iv) said first oligonucleotide primer hybridizes to said complementary DNA; 
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(v) said DNA polymerase uses said complementary DNA as template to 
synthesize a DNA strand; 

(vi) said ribonuclease hydrolyzes RNA of said second primer within said 
complementary DNA; 

(vii) the 3'-end of said DNA strand hybridizes to a complementary sequence of said 
DNA strand thereby forming a 3'-stem loop structure; 

(viii) said DNA polymerase extends said 3'-end of said DNA strand to provide said 
promoter; 

(ix) said RNA polymerase recognizes said promoter and transcribes said DNA 
second template, thereby providing copies of said RNA first template. 

6. A process according to Claim I, wherein step (B) comprises adding to said reaction 
medium a DNA ligase, and a single-stranded DNA which comprises a sequence 
complementary to said specific nucleic acid sequence, minus-sense sequences of said 
promoter and said initiation site, a 5'-terminal sequence that is self-complementary to said 
minus-sense sequence of said initiation site, and a 5'-ttrminal phosphate group such that 



(i) 
(ii) 



(iii) 

and 
(iv) 



said first oligonucleotide primer hybridizes to said single-stranded DNA; 
said DNA polymerase uses said single-stranded DNA as template to synthesize 
a DNA segment which terminates at said 5'-terminal sequence by extension of 
said first oligonucleotide primer; 

said DNA ligase joins said DNA segment to said single-stranded DNA and 
thereby forms a DNA second template; 

said RNA polymerase recognizes said promoter and transcribes said DNA 
second template, thereby providing copies of said R iA first template. 
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7. A process according to Claim 6, wherein step (B) further comprises adding to said 
reaction medium an RNA-DNA hybrid comprising said single-stranded DNA, such 
that said ribonuclease hydrolyses RNA which comprises said RNA-DNA hybrid. 

8. A process for the amplification of a specific nucleic acid sequence at a relatively 
constant temperature and without serial addition of reagents, comprising the steps of: 

(A) providing a single reaction medium containing reagents comprising: 

(i) an RNA polymerase; 

(ii) a DNA polymerase; 

(iii) a ribonuclease that hydrolyses RNA of an RNA-DNA hybrid without 
hydrolysing single- or double-stranded RNA or DNA, and; 

(iv) ribonucleoside and deoxyribonucleoside triphosphates. 

(B) providing in said reaction medium RNA comprising an RNA first template 
which comprises a sequence complementary to said specific nucleic acid 
sequence, minus-sense sequences of a promoter and an initiation site that are 
recognized by 

said RNA polymerase, a 5'-terminal sequence that is self-complementary to at 
least said minus-sense sequence of said promoter and initiation site, and a 3'- 
-terminal priming sequence that hybridizes to a complementary sequence of 
the RNA first template thereby forming an RNArRNA stem loop, under 
conditions such that a cycle ensues wherein: 

(i) said DNA polymerase uses said RNA first template to synthesize a 
DNA second template by extension of said 3'-terminal priming 
sequence and thereby forms an RNA-DNA hybrid, said DNA second 
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template comprising plus-sense sequences of said promoter and said 
initiation site, and a 3'-terminal priming sequence that is 
self-complementary to said plus-sense sequence of said initiation site; 

(ii) said ribonuclease hydropses RNA of said RNA-DNA hybrid, but not 
RNA of said RNA-RNA stem loop; 

(iii) said 3'-terminaI priming sequence of said DNA second template 
^ hybridizes to said plus-sense sequence of said initiation site; 

(iv) said DNA polymerase uses said DNA second template as template to 
synthesize said promoter by extension of said DNA second template; 
and 

(v) said RNA polymerase recognizes said promoter and transcribes said 
DNA second template, thereby providing copies of said RNA first 
template; 

and thereafter, 

(C) maintaining said conditions for a time sufficient to achieve a desired 
amplification of said specific nucleic acid sequence. 

9. A process according to Claim 8, wherein step (B) further comprises providing a first 
oligonucleotide primer comprising a 5'-self-complementary sequence. 

10. A process according to Claim 8, wherein step (B) further comprises adding to said 
reaction medium a DNA ligase, a first oligonucleotide primer comprising a 5' 
complementary sequence, a second oligonucleotide primer comprising a 3'-terminal 

priming sequence that is complementary to the specific nucleic acid sequence, said 
minus-sense sequences of said promoter and said initiation site, a 5'-terminal sequence 
that is self-complementary to said minus-sense sequence of said initiation site, and a 
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5'-terminaJ phosphate group, and providing in said reaction medium a single-stranded 
RNA comprising said specific nucleic acid sequence such that 

(i) said second oligonucleotide primer hybridizes to said single-stranded RNA; 

(ii) said DNA polymerase uses said single-stranded RNA as a template to 
synthesize a complementary DNA by extension of said second oligonucleotide 
primer and thereby forms an RNA- DNA hybrid; 

(iii) said ribonuclease hydroly ses RNA which comprises said RNA-DNA hybrid; 

(iv) said first oligonucleotide primer hybridizes to said complementary DNA; 

(v) said DNA polymerase uses said complementary DNA as template to 
synthesize a DNA segment which terminates at said second oligonucleotide 
primer by extension of said first oligonucleotide primer; 

(vi) said DNA ligase joins said DNA segment to said second oligonucleotide 
primer and thereby forms a DNA second template; and 

(vii) said RNA polymerase recognizes said promoter and transcribes said DNA 
second template, thereby providing copies of said RNA first template. 

A process according to Claim 8, wherein prior to step (A), providing in an initial 
reaction medium a DNA ligase. a first oligonucleotide primer comprising a 5' 
complementary sequence, a second oligonucleotide primer comprising a 3'-terminal 
priming sequence that is complementary to the specific nucleic acid sequence, said 
minus-sense sequences of said promoter and said initiation site, a 5 '-terminal sequence 
that is self-complementary to said minus-sense sequence of said initiation site, and a 
5'-terminal phosphate group, and providing in said initial reaction medium a 
single-stranded DNA comprising said specific nucleic acid sequence such that 

(i) said second oligonucleotide primer hybridizes to said single-stranded DNA; 
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said DNA polymerase uses said single-stranded DNA as a template to 
synthesize a complementary DNA by extension of said second oligonucleotide 
primer and thereby forms an DNA-DNA hybrid; 

(iii) said DNA-DNA hybrid is denatured; 

(iv) said first oligonucleotide primer hybridizes to said complementary DNA; 

(v) said DNA polymerase uses said complementary DNA as template to 
synthesize a DNA segment which terminates at said second oligonucleotide 
primer by extension of said first oligonucleotide primer; 

(vi) said DNA ligase joins said DNA segment to said second oligonucleotide 
primer and thereby forms a DNA second template; and 

(vii) said RNA polymerase recognizes said promoter and transcribes said DNA 
second template, thereby providing copies of said RNA first template for said 
reaction medium of step (A), step (B), and step (C). 

A process according to Claim 1, wherein step (B) further comprises adding to said 
reaction medium, a first oligonucleotide primer comprising a 5' complementary 
sequence, a second oligonucleotide primer comprising a 3'-terminal priming sequence 
that is complementary to the specific nucleic acid sequence, said minus-sense 
sequences of said promoter and said initiation site, a 5'-terminal sequence that is 
self-complementary to said minus-sense sequence of said initiation site, and further 
comprising a 5'-terminal oligoribonucleotide segment and providing in said reaction 
medium a single-stranded RNA comprising said specific nucleic acid sequence such 
that 



(i) said second oligonucleotide primer hybridizes to said single-stranded RNA; 

(ii) said DNA polymerase uses said single-stranded RNA as a template to 
synthesize a complementary DNA by extension of said second oligonucleotide 
primer and thereby forms an RNA -DNA hybrid: 
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(iii) said ribonuclease hgrolyses RNA which comprises said RNA-DNA hybrid; 

(iv) said first oligonuctaide primer hybridizes to said complementary DNA; 

(v) said DNA polynsase uses said complementary DNA as template to 
synthesize a DNAaand; 

5 (vi) said ribonuclease tydrolyzes RNA of said second primer within said 

complementary DIt; 

(vii) the 3'-end of said If A strand hybridizes to a complementary sequence of said 
DNA, thereby fonabga 3'-stem loop structure; 

(viii) said DNA polymer extends said 3'-end of said DNA strand to provide said 
10 promoter; 

(ix) said RNA polymese recognizes said promoter and transcribes said DNA 
second template, tkeby providing copies of said RNA first template. 

13. A process according to CM 1, wherein said RNA polymerase is bacteriophage T7 
15 RNA polymerase and whacin said minus-sense sequence of- said initiation site and 

said minus-sense sequencefsaid promoter together comprise the nucleotide sequence 
complementary to 5'-AAlCTAATACGACTCACTATAGGGAGA-3' (nucleotides 
1-28 of SEQ ID NO:5). 

20 14. A process according to Cfih l t wherein step (B) further comprises adding a sample 
to said reaction medium irfer conditions such that, if said sample thereby provides 
RNA comprising an RNAirst template which comprises said specific nucleic acid 
sequence said cycle ensues and wherein said process farther comprises, after step 
(C), a step (D) of monitoig said reaction medium for consumption of any of said 

25 reagents or for accumulatiaof any product of said cycle. 

15. A process according to Clao 1 wherein said ribonuclease comprises calf thymus 
ribonuclease H. 
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16- A process according to Claim J , wherein polymerase is a bacteriophage RNA 
polymerase. 



17. A process accordtag „ data 16, wherein polymerase is one seized from a group 
consisting of outage T7 RNA pdymerase. bacteriophage T3 polymerase 
polymerase is bacteriophage *l, polymerase. Salmonella toteriophage sp6 
polymerase Pseudomonas bacteriophage gh-I polymerase. 

10 18. A process according ,„ Claim !, wherein said DNA polymer is a retrovirus 

reverse transcriptase. 

19. A process according ,o Cairn ,7. wherein said retrovirus reverse transcriptase is one 
selected from a group consisting of avian myeloblastosis virus polymer, a Moloney 
15 murine leukaemia virus polymerase. 



20 



25 



20. 



A process according to Claim I, wherein aid DNA polymerase lacks exonuclease 
activity. 



21. A process according to Claim 1, wherein all DNA polymerases in said reaction 
medium lack exonuclease and DNA endonuclease activity. 



22. 



23. 



A process according » Claim 1, wherein said DNA polymerase is one selected from 
a group consisting of avian myeloblastosis virus polymerase, DNA polymerase or a 
DNA polymerase 0, calf thymus DNA polymerase. 

A process according to Claim 1, wherein step (C) comprises maintaining said 
conditions for a time between 30 minutes and 4 hours. 
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A process according to Claim 1, further comprising the steps of ligating a DNA 
product of said cycle into a cloning vector and then cloning said DNA product. 

A process according to Claim 24, further comprising the step of expressing a product 
encoded by said DNA product of said cycle in an expression system. 
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Figure 1A 
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Figure 1B 
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A. TRAM second primer sequence 



10 20 ^ 30 40 50 

S'-GGGAGATTTA ACTCAGACGG GTGTTAAATC TCCC7>47^S7" GAGTCGTATT 

60 70 78 

AGAATTGAAG GGTACTAGTA GTTCCTGC-3' 



B. NASBA™ second primer sequence 



10 . 20 30 AO 48 

S'-AATTCTAATA CGACTCACTA 7/1GGGAGAAG GGTACTAGTA GTTCCTGC-3' 



First primer sequence 

10 20 21 

5*-AGACAAGATA GAGGAAGAGC A-3' 



Figure 6 
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A. First primer sequence (P2) 



10 20 21 

5'-AGACAAGATA GAGGAAG/GC A-3* 



B. First primer sequence (P2. 1 ) 



10 ^ i: 30 40 44 



5-TACTCATGCT GAGTCCATS GTAAGACAAG ATAGAGGAAG AGCA-3' 



C. Rrst primer sequence (P2.2) 

^ ^ 10 a- 30 

S'-TACTGAGTAA GACAAGATAf'AGGAAGAGCA-3' 



FigureSO 
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